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ABSTRACT 

This publication is a teacher's guide for teaching 
seventh grade science in New York City Schools. Activities for four 
areas — physics, chemistry, earth science, and biology — are 
included. This particular edition is a reprint of Science: Grade 7, 
Curriculum Bulletin Nos 9a — 9d, 1962-1963 Series, which were 
originally produced in four separate parts. Science: Grade 7 is part 
of a K-12 program based upon the sequential development of selected 
scientific concepts. Special features of the format for the course of 
study as represented by this publication are: topical outline; 
sequential units in each of the four science areas; outcomes listed 
for each section of every unit; logically developed classroom lessons 
with specific content, methodology and techniques; designated 
laboratory lessons including explanatory notes for the teacher and 
worksheets for the pupils; and enrichment materials, such as 
assignments, questions, reports, and projects. Each unit includes a 
list of suggested references. (BR) 



o 

ERIC 








■ ' 'r.-' ^ 

; CurHculiijm 




V 

* 



' 









riproAic# Cinter (ERIC) and 

li tlie Ediic^onal SUZmUJS. OfBce <* 

ilie iwgtniation urluded In thn ERIC 

by m«nnn of wi cf^icly ^ ERIC Oocumont Re- 

prodttction ^ of the City of New Yorfe 



New York City public schools should order additional copies of this 
publication from the Bureau of Supplies. Curriculum Publications 
List No. 00-8040-32 

Copies of this publication may be purchased by outside agencies 
from: Board of Education of the City of New York, Publications 
Sales Office, 110 Livingston Street, Brooklyn, N.Y. 11201. Checks 
should be made payable to: Auditor, Board of Education. Price $3.50 






Curricvlvm ivllvHn 



1968-1969 S«rits • No. 15 






LlI 




f 

Scienter 






o 

ERIC 



luroou of Curriculum Dovolopmont 
•oairi of Education of tho City of Now York 




BOARD OF EDUCATION 



John Doar, President 

Rev. Milton A. Galamison, Vice-President 



Joseph G. Barkan 
Aaron Brown 
Mrs. Ana A. Conigliaro 
William F. Haddad 
Morris Iushewitz 



John H. Lotz 
Ernest R. Minott 
Norman Redlich 
Mrs. Rose Shapiro 
Walter W. Straley 



Hector I. Vazquez 



Superintendent of Schools 
Bernard E. Donovan 



6i 



^ 1 

I 



%/% • 



isii 

i§ii 

iSil 

nil 







Executive Deputy Superintendent of Schools 

Nathan Brown 



Deputy Superintendents of Schools 

Frederick W. Hill Theodore H. Lang 
Business Affairs Personnel 

Seelig Lester 
Instructional Services 



Copyright 1963 and 1964; Reprinted 1969 

By the Board of Education of the City of New York 

Application for permission to reprint any section of this material 
sowld be ma^ to the Superintendent of Schools, 110 Livingston 
Stre^ Brooklyn, N. Y. 11201. Reprint of any section of this ma- 
teriad shall carry the line, ^‘Reprinted from (title of publication) 
by permission of the Board of Education of the City of New Yivk.” 



NOTE TO TEACHERS 

This edition is a reprint of Science: Grade 7, Curriculum 
Bulletin Nos. 9a*9d, 1962*63 Series, which was originally 
produced as four separate parts, namely 

The Chemistry of Matter 
Electricity, Magnetism and Heat 
The Materials of Life 

Living on the Changing Crust .of the Earth 

This volume and Science: Grade 7 (Long Form), Cur- 
riculum Bulletin No. 14, 1966-67 Series, cover the needs 
of all teachers and students in thu grade. 
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FOREWORD 

In these times of great scientific advancement and oppor- 
tunity, we are increasingly dependent upon a scientifically 
literate population. Our yoimg people must be led to ex- 
plore, search for, and discover scientific ideas *Svhich are 
durable for at least a generation.’* 

A new science course of study for Grades 7-8-9, part of 
a K-12 program, is currently being prepared. The new 
course is based upon the sequential development of scienti- 
fic concepts from the four major science areas. 

This bulletin is the first in a series of twelve bulletins, 
one for each portion of the course — chemistry, physics, 
biology, and earth science — at each grade level. The ma- 
terials herein have been applied and evaluated in class- 
room situations over a period of two years. Teachers and 
supervisors will find herein practical assistance in putting 
into practice the chemistry part of the proposed revised 
course in junior high school science. 

The science program, of which this bulletin is a part, 
envisions in-service training in schools and districts. 

It is hoped that this bulletin and the others in prepara- 
tion will make possible further development and extension 
of the program. 



Joseph O. Loretan 

Deputy Superintendent of Schools 

Martha R. Finkler 
Acting Associate Superintendent 
Junior High School Division 



June 1963 



Jacob H. Shack 

Acting Associate Superintendent 

Division of Curriculum Development 
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INTRODUCTION 

This unit of the revision of Science Grade 7 is a step in a Icmg program 
which has enlisted the service oi the Junior High School Division, the Hig h 
School Division, the Divisicm of Curriculum Development, the Bureau of 
Science and the Bureau of Curriculum Research. It is part of a K-12 effort 
in science curriculum development. This program is directed toward meet- 
ing the need for a scientificdly literate population. In additiem, the science 
program is designed to lead young people to explore challenging scientific 
ideas and their applications. In this way, those who find the search for and 
discovery of ideas exciting and rewarding will be encouraged to prepare 
themselves for further work in the areas of science. 

By 1960, after the necessary plarming, preparation of materials, and 
experimentation, the K-6 section of the total science program was in such 
form that the time was opportune for the next majOT step — a new course 
of study for Grades 7-8-9. 

The Gurriculmn Council on June 21, 1961, approved a curriculum 
project in science Grades 7-8-9 which would explore and prepare the jimior 
high school section of the K-12 program. Dr. Joseph O. Loretan, Associate 
Superintendent, Junior High School Division, and Mr. Jacob H. Shack, 
Acting Associate Superintent, Divisicni of Curriculum Development, were 
assigned over-all supervision of the constructiem of the new course. 

The planning and design of the Science Grades 7-8-9 Project is under 
the direct supervision of William H. Bristow, Assistant Superintendent, 
Bureau of Curriculum Research, Martha Finkler, Assistant Superintendent, 
Jimior High School Division, and Samuel Schenbeig, Director of Science. 

To explore the various problems involved in the preparation of a new 
course of study for the junior high school segment of the K-12 science 
program, a curriculum advisory committee was appointed. The Science 
Curriculum Advisory Committee consists of: 

Martha Finkler, Assistant Superintendent, Junior High Schools 

Seelig L. Lester, Assistant Superintendent, High Schools 

Samuel Schenberg, Director of Science; Chairman 

Alfred D. Beck, Assistant Director of Science, Junior High Schools 

Isidor Auerbach, Principal, John Jay High School 

Irving I. Cohen, Principal, Thomas Jefferson High School 
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Darwin S. Levine, Chairman of Standing Committee 
on Science Supplies 

Mary R. Mullins, Principal, Junior High School 172 Queens 
Samuel N. Namowitz, Principal, Junior High School 82 Bronx 
Charles Tanzer, Principal, Junior High School 17 Manhattan 
Walter W. Wolff, Principal, William Cullen Bryant High School 

The Curriculum Advisory Committee accepted with modifications a 
plan submitted by the Director of Science to employ large blocks of subject 
matter from the four specialized sciences, sequentially, in Grades 7, 8, and 9. 
In order to implement this plan, a Junior High School Science Revision 
Committee was appointed. To work under optimum conditions, the regular 
members of the revision committee met mainly on Saturdays and thus 
avoided the necessity of leaving their classes and schools during school 
hours. All members of the committee except the Director of Science were 
paid for the Saturday work. The members of the Revision Committee are: 
Samuel Schenbcrg, Director of Science, Office of Science Education, 
Director of the Project 

Charles A. Golman, Assistant Principal, Junior High School 217Q 
*Ronald Dermer, Teacher of Science, Junior High School 21 OK 
**Milton Forrest, Acting Principal, Junior High School 190Q 
Peter Greenleaf, Supervisor, Bureau of Audio-Visual Instruction 
fPaul Kahn, Assistant Principal, Junior High School 45X, Chairman 
of the Committee 

George Kanstroom, Chairman, Science Department, 

Richmond Hill H.S. 

Bernard Kauderer, Assistant Principal, Junior High School 216Q 
Leon L. Kurtz, Assistant Principal, Junior High School 143X 
Arthur H. Lefgren, Chairman, Technical Division, George Westing- 
house Vocational and Technical H.S. 

Alfred W. Leichtman, Assistant Principal, Junior High School 216Q 
** Joseph M. Oxenhom, Assistant Principal, Junior High School 216Q 
*** Alice Pataky, Science Coordinator, Junior High School Division 
William Poppel, Assistant Principal, Junior High School 189Q 
Marie A. Soscie, Teacher of Earth Science, Newtown H.S. 

Eugene Stem, Chairman, Science Department, 

George Washington H.S. 

Jules Weisler, Teacher of Science, Junior High School 217Q 
Louis Weiss, Chairman, Chemistry and Biology Department, 

Brooklyn Technical H.S. 



* Appointed to Committee January 1963 
** Resigned September 1962 to become principal of an elementary school 
*** Resigned January 1963 to assume new assignment for the Junior High School 
t Resigned June 1963 to resume assignment in schools 
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Serving as consultants to the committee: 

Alfred D. Beck, Assistant Director of Science, Office of Science Educa- 
tion, Junior High Schools 

Robert L. Lipton, Assistant Director of Science, Office of Science Edu- 
cation, High Schools 

Harry Milgrom, Assbtant Director of Science Office of Science Educa- 
tion, Elementary Schools 

Julius Schwartz, Consultant in Science, Bureau of Curriculum Research 

Leonard Simon, Junior High School Curriculum Coordinator, Bureau 
of Curriculum Research 

Objectives ef the Jusior Nigh School Scioaco Coono of Stody 

The objectives of the Junior High School Science Course of Study reinforce 
the ainns of general educaticMi. In addition, they include the objectives that 
are specific to the study of science. These seek to have the pupil continue to: 

• Develop the concepts, skills, knowledges, and attitudes which were 
begun in Grades K-6. 

• Develop a firm scientific foundation, including laboratory skills upon 
which the program in Grades 10-12 can be built. 

• Explore the various scientific dkeiplines for the development of 
individual interests and abilities. 

• Explore the possibility of a satisfying and challenging career in a 
scientific field. 

• Understand science as a unified whole by perceiving inter-relation- 
ships among the four fields of science. 

• Appreciate the role of science in the progress of civilization and in 
the development of our technological society. 

• Understand the. methods employed by the scientist in his attack upon 
problems affecting the health and welfare of the human race and to 
rely upon his findings. 

• Apply scientific methods and attitudes, where possible, as a way 
of life. 

Iniiovotions in Science 7-8-9 

To attain these goals, the program offers a body of up-to-date subject con- 
tent in a well-developed matrix that should be interesting and exciting to 
teachers and students alike. The course of study is set forth logically and in 
detail to provide adequate assistance and direction to new teachers. This is 
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accomplbhed by delineating methodology, amten^ and techniques in pro- 
gresdvely-develc^jed units of classroom and laboratory lessons. Among the 
innovaticms are: 

1. Emphasis upon concepts: This material calls for an understanding 
of the imp(»tant concepts underlying each of the four scientific 
disciplines as wdl as the inter-relaticmships among them. Biological 
concepts are treated with greater depth of understanding because 
they are based upon fundamental ccxicepts in the fields of chemistry 
and physics. There is a reorientation away from reliance on descrip- 
tive presentaticMi toward demonstrations and direct pupil experiences 
in the development and understanding of the crmcepts. 

2. Focus on the sciences: Units of fundamental science content from 
the fields oi chemistry, physics, biology, and the earth sciences are 
presented separately in the seventh, eighth, and ninth grades. Each 
unit is developed less(Hi-by-lesson, building upm previous ccmcepts 
and expanding upmi the problem-solving ability of the pupils. 
Thus, the internal structure of each science is maintmned. 

3. Integration of laboratory work: The new course study calls for 
the study of science in the junior high schools New Yoiic City 
as a major subject area with the allocaticm of at least four periods 
per week in Grades 7 and 8 and five periods per week in Grade 9 
including cme double labcxatory period per week. In addition, lab- 
(xatory assistants are being assigned to assure its successful operation. 
Both requirements are necessitated by the general approach of 
teaching science in depth and by the fact that laboratory work is 
amtidered here to be an int^ral part of science teaching. In fact, 
laboratory lesscxis arc included directly in each unit at the proper 
times f<»r their presentation. 

4. Stress on critical thinking: Emphasis is placed upon science as a 
method of thinking, of investigation, and of operation. To imple- 
ment these aspects, the committee has selected the scientific con- 
cepts after careful deliberation of their significance and their 
contributirm to further and deeper understanding of the nature, 
structure and inter-relaticmships of the sciences. The selective process 
stresses the need for sufficient classroom time and opportunities for 
mature reflectim. To this end, a definite limitation has been placed 
on the total cemtent in order to enable the teacher to implement the 
goals of science education. 



Format 

In accord with the objectives and innovations of the present course of study, 

it became incumbent upcm the committee to devise a distinctive format. 

••• 
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AnuMig its special features are: 

Topical outline 

Sequential units in each of four science areas 

Division oi each unit into sections for ease in reviewing and testing 

Outcomes listed for each section of every unit 

Each sectiem dengned to be a complete lesscm 

Direct reference to inter-relaticniships amcmg the sciences as they occur 
in the development o£ the lesscxis 

Lo^cally-developed classroom lessons with specific content, method- 
dogy and techniques 

Designated laboratory lesscms including explanatory notes for the 
teacher and work sheets fcMr the pupils 

Enrichment materials, such as asngnments, question^ rqx»rt^ and 
projects 

The format provides the framework within which are pictured the two 
bade types of science lesscms, the dassrocmi and the laboratory. Both are 
described in the sections that follow. 

Iht dm Uhm 

Of the twenty-four lesscms comprising each of the four imits in the seventh 
grad^ approximately sixteen may he classified broadly as classroom lessons. 
Each <me has been numbered sequentially and tmlored to fit the standard 
forty-minute period. Following generally accepted planning procedure, the 
lessmis include a statement of the aim in questiem form, motivarimi, develop- 
ment, and a terminal summary. Among the specific techniques that may 
be found within the broad classification of classroom lessons are demonstra- 
tion^ discussion^ lecture^ reports, seminars, reviews, and individual labora- 
tory wcM’k of short duration. 

In mrier to help the inexperienced teacher and the (me whose area of 
specializatiem does not coin<ade with that of the unit, each lesscm has been 
wenrked emt in detail. The detail encompasses not only methodology^ tech- 
niques, content, and outcomes hut also inductive development where pos- 
sible and connection with lessons that precede and those that follow. Because 
so much of the burden of lesson planning is obviated by this approach, nunre 
rime will be available for the preparatiem of the many dememstrations and 
other multi-sensory experiences called &»• in almost every section <rf each 
luiit. 

The class lessons foster an enquiring attitude on the part (tf the pupils 
in that they feature thought-provoking questions and dememstratiems. As the 
teacher calls for and encourages pupil replies and questiems, a stimulating 
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air will prevaul in the classroom. Experience shows that short ques- 
tion periods at the start and at the CMiclurion <rf lessens are highly effective 
in orienting the attitude and thinking of students in the scientific approach 
to the solution of sdence problems. 

Since reporting is an important pupil activity in the units, the teacher 
should acqumnt the pujnls with reliable sources of informatiem and with 
the proper form, cemtent and structure of a report Stress should also be 
placed upon effective presentation reports to the class. Reports should 
not be read. The class will evaluate the reports on the basis of such criteria 
as clarity, interest completeness and use of illustrative material. An ev^ua- 
ti on chart prwninently disjdayed in front of the room, containing a list of 
the selected criteria, is an invaluable aid toward achieving s tim u l a ting 
reporting. 

Finally, the redution lessons developed in the materials arc not 
intended to be employed as a substitute for individual plan^. 

Lesson plans must be adapted to the capability and personality of the indi- 
vidual teacher and must be geared to meet the specific needs of the students 
in a given class. 

TU Ubtratary U»M 

Individual laboratory lessons are among the most effective means of reach- 
ing many of the objectives of science educatK® such as the inculcation <rf 
the scientific attitudes, procedures, and modes of thinking. Individuals learn 
best by doing and thus secure real experiences. To achieve these go^ puffUs 
should be giom the opportunity of planning the laboratory exercises rather 
than being directed by specific instructions in a step~by~step manner. After 
the plantiing stage, it is extremely desirable to allow the pupils to carry out 
their own plans for perfmming the experiments. This the present course of 
study rims to do. 

However, for successful planning, the teacher must provide the required 
background techniques and information prior to the laboratory experiences. 
In addition, adequate safety instructiem is more than ever important in 
laboratory work which allows much freedom to the children. Each teacher 
must secure a copy and acquaint hi m sel f as well as the children with the 
contents of Board of Education boridet, “For Greater Safety in Science 
Teaching.” 

Approximateiy one-half ol the periods in the umts are set aride for 
laboratory worit. This time allotment allows for from four to six laboratory 
lessons, each of which requires a double laboratory period. Assigned two 
consecutive number^ the laboratory lesscMU are also distinguishable in hav- 
ing explanatory notes to the teacher and work sheets for the student 
Initially, the work sheets contain detailed step-by-step procedures, which 
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later give way to less detailed problem-solving instructicms. It may rea^y 
be observed that the laboratory lessons are not all of the problem-solvi^ 
variety; some offer the opportunity to acquire techniques or skills, while 
othcn are designed to teach concepts in a step-by-step manner. 

The laboratory lesson is divided into three parts: the introductory or 
preparatory period, the work or laboratory period, and the discussion period. 
During the introductewry interval, it is sug^ted that materials be distributed 
quietly on trays by the laboratcHcy assistant and that the pujrils oe t<dd the 
required information or technical matter. While this is going <hi, the te acher 
should seek to have the slower classes delineate the problem and to suggest 
possible methods for its solution. For the laboratory period, the class should 
be divided into groups of 2-4 pupils depending upon the availability of 
equipment and materials. It is suggested that the pupils retain their original 
groups and select a group leader who will be responsible for taking and 
letuming the equipment The pupils should be told to work together, to 
discuss and rotate tasks, and to call upon the t^chCT for h^ as required. 
It is essential that normsd classroom orfer be m a in ta in ed during the labora- 
tory interval in mrder that pupls may hear instructicra from the teadier. 
It is also su^;ested that the teacher arid laboratory astistant drculate about 
the room to detect difficulties and to encourage and assbt individual 
as needed. After a short dean-up and collection time, at least 20 minutes 
should be allowed for the discussion of the procedures, observations and 
CCTifbiymi* and for the answering of questions. Every good laboratory ses- 
sion points up the many new problems that may be lead to fruitful 
investigatiem. 

It carmot be overemphasized that if the class is properly trained in 
lab(Mratory decorum and respmiability, the laboratory work should proceed 
utithout difficulty and nwth much prtffit. To tiiis end, the teacher must 
b^in the proper training at the very first laboratory penod. 

Every pu pil should be required to keep a science notdxidc wiffi a 
laboratory section in which to record his data, observations, conclutions, 

answers to the summary questiems fw each laboratory lessra. Hht 
b encouraged to see new prcblems as he analyzes the data, he will suggest 
hypotheses for their solution which may become the bases for additional 
experimentaticMi, project, and labmatory work. 

HtwfiUstTUsMttiii 

While the lessons are suggestive in nature, the teacher may use them 
with confidence. No doubt the order of presentation, the rnotivation, and 
the activities amcmg others may be altered on the basis of expenencs 
nature of the class, and creative bent of the teacher. However, the basic 

wilwitnal outccmies should remain intact If some lessrms are found to be 
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too long, they may be shortened by omitting some of the supporting 
activities. If some lessons prove to be too short, enrichment activities in 
harmony with the aim and the outcomes of the lesson may be added. The 
New York State Handbooks in General Sdence, Chemistry, Physics, Bidogy 
and the Earth Sciences are excellent sources oi pertinent activities. 

The teacher who is a b^inner in <me or more the sciences should 
follow the lessons closely. To insure a measure of success^ the demcMUtrations 
and laboratory exerdses must be tried out in advance. The inexperienced 
teacher would be well advised to schedule frequent reviews, administer short 
quizzes, and longer examinatiems, and to grade notebodcs regularly. More- 
over, smne teachers advocate the distribution, collection, and grading of sets 
oi study questirms. 

One ward of caution: The syllabus has been so dengned that the labora- 
tory lessons may be presented at the time specified or within a xeascmable 
time thereafter; they should not be attempted before the student has learned 
the necessary techniques and preparatory ccuitent Thus, not every scheduled 
laboratory period will be used as such. 



Experience has shown that the pupil should undergo a period of introduc- 
tion and <Mientati(m befenre embarking up<Mi any course of study. Because 
of the OMnplexity of the field df science, the period required may extend 
to about a week. The teacher will be in the best positirm to judge the time 
and the nature of the preliminary material to be introduced. However, 
the fcdlowing su^estiems may prove helpful in the task ct cxienting the 
pupil to the study of sdence and to assuming his respcxisibilities. 

— Open the course with a plaimed motivation. Some teachers prefer 
discussions of summer sdence »q)eriences or expectations from the 
study oi science. Others capitalize <»i interesting science current 
events. 

— Discuss the types of lessons to be met in science^ particularly the 
laboratory exercise. 

— Practice forming laboratory groups and preparing for labcMatmry 
work. 

— Acquaint the pupils with the course requirements; for example 
notebooks, cemtributions to class discussions, reporting, assignments, 
r^;ular study, quizzes, and examinations. 

— Illustrate, define, and examine the scope of the four sciences to be 
studied. 

— Distinguish between matter and energy. 

— Introduce metric units of measurement, including the gram, the 
milliliter, and the centimeter. 
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ImpliiiitiitafiM of tiit Junior High School Science Program 

In September 1961, the seventh grade section of the program was intro- 
duced into five pilot schools. The present material is based upon the appli- 
cation and evaluation of that preliminary material in classroom situations. 
Deep appreciation is expressed to the teachers and schools concerned: Mona 
Abel, JHS 189Q; Martin Beale, JHS 143X; Morris Gartner, JHS 216Q; 
Bert Valenti, JHS 190Q; and Jules Weisler, JHS 217Q. These teachers 
met r^;ularly to pool their experiences. 

In September 1962, six more pilot schools and twelve teachers were 
added to the program. The present revision largely reflects their experiences 
in the classroom. To these dedicated teachers go our sinoeie thanks: Henry 
Bednarski, JHS 217Q; Daniel Brandon, JHS 216Q; John Hodnett, JHS 
190Q; Martin Karp, JHS 217Q (deceased) ; Ray Kowalski, JHS 172Q; 
George Marfesi, JHS 189Q; Renee Sands, JHS 104M; Perry Saunders, 
JHS 82X; Ernest Streicher, JHS 252K; Pearl Strom, JHS 143X; Howard 
Wagner, JHS 22X; Ariene Wilson, JHS 109Q. 

P raj tc Ud Tit S chifeic 

Materials 

1963- 64 7th Year All regular and SP classes in each school use experi- 

mental edition (4 booklets, printed) 

8th Year — Some classes in eleven schools use second tryout 
materials 

9th Year — Some classes in fi' e schools use first tryout materiab 

1964- 65 7th Year — All regular and S)» classes in each school use experi- 

mental edition (4 booklets, printed) 

8th Year— All regular and SP classes will use experimental edi- 
tiwi (4 booklets, printed) 

9th Year — Scxnc classes in eleven schools use second tryout 
materials 

1965- 66 7th Year— All regular and SP classes in each school use experi- 

mental edition (4 booklets, printed) 

8th Year — All regular and SP classes will use experimental edi- 
tion (4 booklets, printed) 

9th Year— All regular and SP classes will use experimental edi- 
tion (4 booklets, printed) 

1966- 68 7-8-9 Yrs. — Revision o( experimental edition Grades 7-8-9 

In-Strvira Trainiiig 

During the Spring of 1963, a scries of in-sei-vice science courses was given 
for the teachers who were selected by the principals to introduce the new 
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science course of study in the 7th Grade of our schoob in September 1963. 
The willingness of these teachers to take time to attend these courses, and 
of the instructors to provide the training, is greatly appreciated. 

The instructors were: 

Alfred D. Beck, Assistant Director of Science, Coordinator of the Course 

Charles A. Colman, Assktant Principal, JHS 217Q 

Harold Horn, Chairman of Department, Taft High School 

Paul Kahn, Assistant Principal, JHS 45X 

Bernard Kauderer, Assistant Principal, JHS 216Q 

Leon Kurtz, Assistant Principal, JHS 143X 

Louis Landrecker, Teacher, Bronx High School of Science 

Arthur Lefgren, Chairman, Technical Division, George Westinghouse 
Vocational and Technical High School 

Alfred W. Leichtman, Assbtant Principal, JHS 210K 

Robert Lipton, Assistant Director of Science, High Schook 

Samuel Namowitz, Principal, JHS 82X 

John A. Polidori, Teacher, Newtown High School 

Walter Ross, Ch^urman, Physical Science Department, 

Bay Ridge High School 

Samuel Schenberg, Director of Science 

Marie Soscie, Teacher, Newtown High School 

Eugene I. Stem, Chairman, Science Department, George Washington 
High School 

Louis Teichman, Principal, JHS 99M 

Adnowledgmentt 

A special note of thanks is due to Herbert Liebeskind, Associate Professor 
of Chemistry, Cooper Union, who graciously spent many hours in reading 
and editing the manuscript. 

The efficient aid of Frances Moskowitz in typing the material is grate- 
fully acknowledged. 

Maurice Basseches, Editor, collaborated in design and production. 
Simon Shulman was responsible for the illustrations and cover design. Elena 
Lucchini collaborated in illustrations and production. 
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Scope end Sequence 

The following is a tentative outline of the topics to be covered in the 
seventh year. This bulletin deals with Unit 7.1. Subsequent publications will 

cover Units 7.2-7.4. 

UNIT 7.1: The Chemistry of Matter 

A. ELEMENTS 

1. Definition 

2. Metals and non-metals 

3. Identification and classification 

4. Preparation and properties 

5. Symbols 

B. COMPOUNDS AND MIXTURES 

1. Definition 

2. Preparation 

3. Chemical and physical changes 

4. Properties 

5. Enei^ relations 

6. Mixtures 

C. ATOMIC THEORY 

1. Historical development 

2. Sub-atomic particles 

3. Atomic structure 

4. Periodic Table 

5. Atoms and molecules 

UNIT 7.2: Electricity, Magnetism and Heat 

A. CURRENT ELECTRICITY 

1. Circuits 

2. Measuring electricity 

3. Electrical resistance 

4. Ohm’s Law 

B. MAGNETISM 

1. Properties 

2. Magnetic fields 

3. The earth as a magnet 

4. Electronu^etism 

5. Electromagnetic induction 
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C. HEAT 

1. Changes caused by heat 
** Temperature measurement 

3. Transfer of heat 

4. Comparison of heat and temperature 

5. Measurement of heat 

UNIT 7.3: The Materials of Life 

A. THE NEEDS OF LIVING THINGS 

1. Growing living things at home 

2. Life functions 

3. The microscope 

4. Basic needs 

B. NUTRITION 

1. Nutrients 

2. Food tests 

3. Uses of nutrients 

4. Adequate diet 

C. DIGESTION 

1. Organs 

2. Process 

3. Purpose 

4. Absorption 

UNIT 7.4: Living on the Changing Crust of the Earth 

A. THE STORY IN THE ROCKS 

1. Fossils 

2. Fossil formation 

3. Age of fossils and rocks 

4. The history of the earth 

B. ROCKS AND MINERALS 

1. Formation 

2. Classification 

3. Identification 

4. Uses 

C. THE CHANGING EARTH 

1. Evidences of changes 

2. Volcanoes 

3. Earthquakes 

4. Slow crustal movements 

5. Erosion and weathering 
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ELEMENTS 



OUTCOMES Suggested Time Allotment: 8 Periods 

The organization of junior high school science into four major 
science areas in each grade provides an op^rtunity to emphasize the 
inter-relationships among and the unity within these areas. In this 
unit, the idea of the universality of matter should be established. The 
pupils should be led to realize that matter is made up of certain 
fundamental particles which can be arranged to form elements, com- 
pounds and mixtures. 

The expected outcomes of this section of the unit include: 

• All matter is made up of elements per se or in combination. 

• Elements are substances that cannot be separated into simpler 
substances by ordinary chemical means. 

• Elements can be recognized by their properties. 

• Elements that have luster, are malleable, and conduct heat are 
called metals. 

• Elements with opposite properties are known as non-metals. 

• All elements are represented by an international system of 
notation or symbols. 



note: The present unit evolves naturally from the work of the fifth 
and sixth grades, as detailed in the latter part of Earth and Its Resources. 
In dementary science, emphasis is placed upon the changes man causes m 
materials and upon an introductory study of molecules and atoms. Building 
upon the experiential learnings of the elementary grades, the present unit 
stresses an organization and explanation of the change as seen by the 
chemist. It is assumed that the junior high school science teacher will 
become familiar with the relevant material in the booklet mentioned. The 
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teacher should also be aware that the outcomes listed for all the units relate 
to content and are generally stated as concepts or understandings. Out- 
comes in terms of skills, attitudes and modes of thinking do not appear in 
the listing, but may be found in the explanatory notes. 



Suggested Lessons and Procedures 

1 . WHY DO WE STUDY MATTER? 

a. Recall from elementary science that matter has weight, occupies 
space, and exists in each of three states ; solid, liquid and gas. Raise 
the question, “Why do chemists study matter?” To help provide an 
answer, prepare four laige test tubes on a long test tube rack and 
pour the following colorless liquids into different test tubes from 
labeled reagent bottles: 

1) Water 

2) Alcohol 

3) Benzene 

4) Concentrated nitric acid 

note: Keep the reagent bottles out of sight of the class. 

b. Ask the pupils, “Do all the test tubes cont^ the same liquid?” 
From their answers, establish the need for experimentation to deter- 
mine the answer. 

c. Demonstrate that the four liquids differ from one another as follows : 

1 ) Place approximately ten drops of each liquid into separate watch 
glasses. Test each substance for flammability with a lighted taper 
or match. Have the pupils observe the combustibility of two 
liquids, the color of the flame and the nature of the smoke. 

2) Into two separate test tubes place some copper turnings. Add 
about 2 ml. of one of the two non-flammable liquids to one test 
tube and the same amount of the other liquid to the second test 
tube with the turnings. Observe that the water will not react, 
whereas the concentrated nitric acid will evolve heavy brown 
fumes of nitrogen dioxide. 

note: The evolution of nitrogen dioxide, which is untating, can 
be stopped by diluting with water. 

d. At the completion of the demonstration, place the properly labeled 
reagent bottle before each test tube. Have the pupils read the labels 
and tell what they found out or learned from the demonstration. 
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Among the posable conclusions are: 

1 ) Matter may be studied both by experiment and by observation. 

2) It is unwise to jump to conclusions. 

3) Appearance is not enou^ to identify matter. 

4) In chemistry, tests are employed to identify and analyze matter. 

5) Matter is alike in some ways, yet different in other ways. 

e. Return to the original question and have the pupils explain that we 
study matter to observe its similarities and differences and to iden> 
tify it. Other reasons for studying matter include: to put it to use, 
to change it, and to determine its composition. Tell the pupils that 
the similarities and differences are known as properties of matter. 

2. WHAT CHEMICAL SUBSTANCES NIAKE UP MATTER? 

note: Prior to the entrance of the class, start the Hoffman apparatus 
for the electrolysis of water as follows: Fill it with one part sulfuric acid 
to twenty parts water by volume and apply 6-12 volts direct current 
from a power supply or from at least four #6 size V /2 volt dry ccUs in 
series. 

a. Direct the attention of the class to the apparatus and stimulate 
questions about it. From the discussion, develop the following: 

1 ) Electricity is passing through water. The fact that sulfuric acid 
was added to the water to make it a conductor of electricity 
may be mentioned. 

2) As the current passes, it decomposes or breaks up the water into 
two gases, one of which has twice the volume of the other. 

b. Recall from the previous lesson that chemists have tests to identify 
matter and that matter can be identified by its properties. Demon- 
strate the tests and properties of the two gases as follows: 

1) Tap off each gas into a small t«t tube. Test the gas of greater 
volume with a burning splint. Have the pupils observe the “pop” 
or burning that occurs. Identify tlie g^ as hydrogen and write 
the word and symbol, H, on the blackboard. 

note: It is su^ested that the teacher demonstrate the differ- 
ence between a glowing and a burning splint, pointing out that 
the latter is used to test for hydrogen. 

2) Test the other gas with a glowing splint. Call the attention of 
the class to the fact that the splint bursts into flame and identify 
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the gas as oxygen. Write the word and symbol, O, on the 
blackboard. 

3) Have the pupils summarize the properties of the gases as follows: 
Both are colorless gases, hydrogen bums or explodes, v^hile oxy- 
gen helps other substances bum or supports burning. 

4) Stress the fact that neither gas can be broken down into simpler 
substances by ordinary means, such as electricity, heat or 
chemicals. 

c. Display samples of other simple substances that cannot be broken 
down further, such as: 

aluminum, carbon, copper, iodine, iron, mercury, nickel, nitrogen, 
phosphorus, sulfur and tin. Explain that some of these substances 
are metals; others are non-metals. Have the pupils identify the sub- 
stances they recognize and indicate any property which made identi- 
fication possible. 

note: Cylinders of nitrogen gas are available from the S-1 List. 
An 8-ounce bottle may be collected by displacement of water. 

d. Conclude by having the pupls understand that: 

1) All matter is composed of one or more simple substances. 

2) These simple substances cannot be broken down into simpler 
substances by ordinary chemical means. 

3) Most of these simple substances may be classified either as metals 
or non-metals. 

4) These simple substances are known as elements. 

3andl4. WHAT ARE THE PROPERTIES OF SOME METAUJC ElEMENTS? 

TO THE teacher: Primarily, this first laboratory lesson is designed to 
introduce the children to the procedures to be followed in the labora- 
tory: the opening presentation or demonstration by the teacher, the 
working together in groups of 2-4 students to do the laboratory prob- 
lems, and the discussion of the results and summary questions --all 
with proper decorum and care. In the interests of saving tim^ it is 
suggested that practice in forming laboratory groups, picking up mate- 
rials on trays, assigning and rotating tasks, cleaning up and returning 
equipment, and taking seats quietly should be provided in an orientation 
peri^ before starting the unit. 

Another oulcorne from the initial laboratory lesson is having the 
pupils learn how to follow directions properly and in correct order from 
a laboratory worksheet. Experience shows that a step-by-step approach 
serves well as a start toward this goal. Therefore, the teacher should 
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demonstrate one step in the procedure at a time, then have the pupils 
repeat only that step at their tables, and finally go about the room 
checking for completion of the step before proceeding to the next one. 
In similar stepwise manner, the entire procedure on the worksheet 
should be performed. 

The final discussion period of the laboratory lesson provides a means 
for attaining many of the important outcomes of the lesson. About 
twenty minutes before the close of the double period the teacher should 
discuss the observations with the pupils, collate, interpret and draw 
conclusions from the data, as well as go over the sununary questions. 
By glancing down the columns of the table of observations and noting 
the properties common to all or nearly all the items, the pupils can 
be 1^ to imderstand that statements of a general nature, or conclusions, 
can be reached. For example, all the metals observed have luster and 
conduct heat — or, almost all the metals observed are solids. The sum- 
mary questions are intended to assist in this endeavor by calling for a 
logical thinking process in arriving at conclusions and in recording the 
lesson. It is recommended that a section of the pupil notebooks be set 
aside for writing up the laboratory lessons, at first in the formal manner 
described in the summary. With greater maturity on the part of the 
pupils, the record may later be altered to become merely a simple state- 
ment of pr^cdure and condusions. 

Also out of the lesson should come growth in the ability to use scien- 
tific materials effectively and safely. To further this aim, part of each 
introductory portion of the laboratory period shofdd call attention to 
any safety hazards that may be present in the exercise. In the first 
laboratory lesson, the teacher should demonstrate how to strike a match, 
how to light a burner, how to keep from being burned, how to use the 
materials and how to prevent equipment from being broken or over- 
turned. It may be found adviwble to have the pupik wear laboratory 
aprons while performing experiments. Encourage toys to roll up their 
sleeves and ask ^rls with long hair to wear a net or cap. 

LABORATORY WORKSHEET #1 
(May be duplicated for distribution to the pupils) 

Purpose: To study some properties of metallic elements. 

Materials: 

1. Three-inch strips of metals, such as copper, aluminum, soft iron, 
tin or lead 

2. Stopperto bottle or test tube with a small quantity of mercury 
(Do not open the bottle.) 
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3. Sandpaper 

4. Burner 

5. Asbestos pad 

6. Hanuner 

7. Safety match (not distributed in advance) 

Before you start: Do not touch the equipment until you are told what 

to do. After instruction, do only one step at a time and have each step 

checked by your teacher before going on to the next one. 

Procedure: 

1. On the table below, write the name of each metal in the first 
column. 

2. Look carefully at all the metals on your list of materials and state 
whether each is a solid, a liquid, or a gas. In the second column 
write your observations of the state of each metal. 

3. Find out whether each one has a shine or luster or whether it is 
dull. In case of doubt, sandpaper the metal strips. Record your 
observations in column 3 below. 

4. Observe and record the color of each metal in column 4. 

5. Li^t your burner. Then hold one end of each metal, except mer- 
cury, and place the other end in the flame. Find out if the metal 
strip will carry or conduct the heat to your hand. Record your 
observations below. Be careful not to bum your hand. 

6. Strike each metal, except mercury, with a hammer to see whether 
it^breaks or cracks. If it does not, the metal is said to be malleable, 

, <"^iivhicFymeans its shape^can be changed by hammering. Write your 
observations Jn the table below. 



TABLE OF OBSERVATIONS 





1. 

Name of Metal 


2. 

State 


3. 

Luster or 
DuU 


4. 

Color 


5. 

Conducts 

Heat 


6. 

Malleable 
or Not 










4ft 
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Summary: 

1. What was the purpose of this laboratory lesson? 

2. What materials did you use? 

3. In your own words, tell the method or procedure that you followed. 

4. Look down each of the coliunns of your table of observations. 
What did you find out that is true of all the metals you observed? 

5. What did you find out or conclude that is true about some metals 
but not about all of them? 

6. What did you observe to be true about only one metal? 

7. What other properties common to all the metals can you name? 

8. Give the chemical symbols for the metallic elements you studied. 

9. At home and in your own words, write up this experiment using 
the above questions as a guide. 

5. WlUT iUK THE IWEimB OF SOME NON^ 

note: For the demonstrations below, the teacher may prefer to pur- 
chase from the S-1 list cylinders of oxygen and chlorine gas. By water 
or air displacement, 8-oz. bottles of the gases may be drawn from the 
cylinders. 

a. Tell the pupils that you are going to demonstrate an element which 
was studied previously and that they are to identify it from its 
properties. Without divulging the name of the gas, prepare and 
show the properties of oxygen as follows; Fill the bottom of a large 
test tube with manganese dioxide or potassium permanganate and 
add about three times as much fresh hydrogoi peroxide. Have the 
pupils: 

1 ) Observe the bubbles to realize that a gas is being evolved. 

2) Note that the gas is colorless. 

3) See that a glowing splint bursts into flame when in contact with 
the gas. 

4) Identify the gas as oxygen and realize that it could not have 
been hydrogen, which itself would have burned. 

5) Understand that oxygen must be a non-metal because it has 
none of the metallic properties of luster and malleability and 
does not conduct heat. 

b. Demonstrate the preparation and properties of another non-metallic 
gaseous element in the following manner: Into a gas collecting 
bottle place enough potassiiun chlorate to cover the bottom. Add 
about 3 ml. of concentrated hydrochloric acid and cover the bottle 
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with a glass plate. Direct the attention of the class to the greenish- 
yellow appearance of the gas being evolved. Instruct the pupils in 
how to perform the sniff test safely, by wafting the gas with the 
open palm from the mouth of the bottle toward the nose. 

c. Have the pupils state the properties of the element as a greenish- 
yellow, non-metallic gas with a stinging, choking, penetrating odor. 
On the blackboard, write the name of the gas, chlorine, and its 
chemical symbol. Cl. 

d. To show the properties of a non-metal which is also not a gas, dis- 
play a sample of sulfur. Have the pupils observe and describe its 
properties: it is a yellow solid which is brittle and odorless. 

6. WHAT CAN SCIENTIFIC TABUS TEU IIS ABOUT THE ElEMENTS? 

note: Duplicate an alphabetical list of the elements and their symbols 
including those found in the lesson below. Also, display prominently 
a large chart of the “Periodic Table of the Elements’* or supply the 
pupils with notebook size copies of the table obtainable from the S-1 
List. 

a. D'lstribute individual alphabetical lists of the elements and have 
the pupils derive rules for determining the symbols as folloiws: 

1) Ask the pupils to look up the symbols for carbon, oxygen, hydro- 
gen, nitrogen, sulfur and iodine. The pupil should realize that 
the first letter of the name became the symbol for the element. 

2) Have the pupils find the symbols for cobalt, osmium, helium, 
neon, selenium and iridium. In these cases, the first two letters 
distinguish the elements from those previously symbolized. 

3) Consider the elements chlorine, magnesium, zinc and manga- 
nese to have the pupils understand that, for some elements, let- 
ters other than the first two constitute the symbols. 

4) Note the symbols for the elements copper, iron, lead, mercury 
and sodium, and explain that they were derived from the Latin 
names of the elements: cuprum, fermm, plumbum, hydrargy- 
rum, and natrium. 

5) From the foregoing, formulate some rules or general statements 
for symbolizing the elements: 

a) The capital first letter of the name may be used as a symbol 
for some of the elements. 

b) When the first letter is in use, the second (or another) letter 
may be added to the first and shown as a small letter. 
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b. Call attention to the large “Periodic Table of the Elements,” or dis- 
tribute individual copies to the pupils. Then introduce the table as 

an indispensable tool in chemistry by asking the following questions: 

• From their symbols, what are the names of the elements you 
recognize? 

• In what order are the elements numbered? 

• How many elements arc now known? 

• What are the names of the transuranic or man-made elements? 

• In what part of the Periodic Table do we find the metals? Non- 
metals? 

• Are there more metals than non-metals in existence? 

• Why is it possible to use the Periodic Table in schools all over 
the world? 



c. Have the pupils review this section of the unit by discussing or 
filling in the following table of some elements studied: 



Element 


Symbol 


Color 


OlX)R 


State 


Reaction 

TO 

Burning 


Metal or 
Non-Metal 


Uses 


Oxygen 


o 


Colorless 


None 


Gas 


Helps things 
burn 


Non*metal 


Hospitals^ 

Missiles 


Hydrogen 


H 


Colorless 


None 


Gas 


Burns or 
explodes 


Non*mctal 


Dirigibles, 

Torches 


Chlorine 


Cl 


Yellowish- 

green 


Stinging 


Gas 


Supports 

burning 


Noh*metal 


Bleach, 

Disinfect 


Copper 


Cu 


Brownish 


None 


Solid 


Does not 
burn 


Metal 


Electrical 

wire 


Sulfur 


S 


Yellow 


None 


Solid 


Burns 


1 Non*metal 


Vulcanizing 



note: At this point the teacher may wish to test the pupils on the out- 
comes of this part of the unit. However, a comprehensive examination 
should mark the termination of the entire unit. See pages 36 ff. for sug- 
gested questions. 

7 ond 8. WHAT HAPPENS TO THE WEIGHT OF AM ELEMENT 
WHEN IT IS BURNED? 

TO THE teacher: This second laboratory lesson enlarges the scope of the 
first by calling for the following of detailed steps on a worksheet in 
order to solve an interesting problem. But before attempting the steps in 
the procedure, the pupils are asked to plan with the teacher a method 
of solving the problem to prepare them for later laboratory problems to 
be solved by plans of their own. 
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It is suggested that the lesson be introduced by having the children 
venture a guess, or hypothesis, as to what they think will happen to the 
weight of the steel wool when it is burned. After devising the common 
plan for finding the answer, the teacher should compare the pupils’ 
plan with that on the laboratory sheet. Then the class should perform 
the procedure on the laboratory sheets for practice and the teacher 
should check each step. Some classes may require teacher demcmstration 
of each step before pupil trial; others may need little or no additional 
aid. 

During the discussion period, each group should be asked to report 
on the wdght gained or lost by the steel wool. The teacher should tabu- 
late the figures on the blackboard and have the pupils analyze them to 
draw conclusions and to determine the reasons for any weight variations. 
It should be possible for the children to deduce that something must 
have been added to the steel wool to account for the wdght gain. 
A more specific explanation is forthcoming in lesson #10. 

To make for success, the pupils should be supplied with a fine grade 
of steel wool, such as #000, which should be packed loosely and held 
continually over an asbestos pad to catch any falling particles. While the 
teacher should demonstrate ^e use of the balance, experience has shown 
that most pupls will master it most effectivdy as they use it. 



LABORATORY WORKSHEET #2 
(May bei duplicated fix* distribution to the pupils) 

Purpose: To find out how steel changes in weight when it is burned. 
Materials: 

1. Loosely-packed wad of fine steel wool 

2. Asbestos square 

3. Tongs or forceps 

4. Burner 

5. Balance 

Before you start: Take a guess as to what you think will happen to the 
weight of steel wod when it is burned. This is called an hypothesis. 
With your teacher and class, plan a method for finding out what 
happens. Then, for practice, follow the procedure below. 

Procedure 

1. Put an asbestos pad on your balance and record its weight in 
colunrn 1 of the table bdow. 
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2. Add a loose wad of steel wool about three indies in diameter to 
the asbestos pad on the balance and weigh both together. Enter 
the combined weight in column 2. 

3. Find the weight of the steel wool alone by subtracting the weight 
in column 1 from that in column 2. Record the result in colunm 3. 

4. Remove the asbestos pad to the table or tray, place a burner on 
it and carefully light the burner. 

5. Grasping the steel wool with a pair of tongs or forceps, hold it in 
the flame until it glows. 

6. Remove the burner from beneath the glowing steel wool. Then, 
blow hard and continuously on the steel wool keeping it glowing 
as long as you can. 

NOTE t The steel wool should be held over the asbestos pad to catch 
any falling particles, 

7. When the glowing ceases and the steel wool cools, place it on the 
asbestos pad along with all fallen particles. 

8. Weigh the asbestos pad and burned steel wool together. Record 
the combined weight in column 4. 

9. Subtract the weight of the asbestos in column 1 from the weight 
entered in column 4 and write the wdght of the burned steel wool 
alone in column 5. 

10. Compare the weight in column 5 with that in colunm 3 by sub- 
tracting the smaller from the larger weight. Record the change in 
weight, if any, in column 6. If weight was lost, place a minus sign 
( — ) in front of the change in wdght. If the reverse is true, use 
a plus ( -|- ) sign. 

11. Repeat the experiment with another sample of steel wool. 



TABLE OF OBSERVATIONS 



Sample 

Number 


1, 

Weight of 
Asbestos 


2, 

Weight of 
Steel Wool 
and 

Asbestos 


3. 

Weight of 
Steel Wool 
Alone 


4 . 

Weight of 
Steel Wool 
and Asbestos 
After Heating 


5. 

Weight of 
Steel Wool 
Alone After 
Heating 


6. 

Change 

in 

Weight 


1 














2 















Summary: 

1. What did most or all of your class observe that happened to the 
weight of steel wool when it was burned? 

2. How do you explain the change in weight? 






3. Did your observations of the weight change differ from the rest of 
the class? If so, how do you account for the difference? 

4. Did both of your samples of steel wool give the same results 
exactly? If not, how do you explain the difference? 

5. Why should the directions to a h-boratory lesson be followed step- 
by-step? 

6. Why is it necessary to make a complete record of what you observe 
in an experiment? 

7. At home, write up the experiment using the following outline as a 
guide: purpose, materials, procedure, observations and conclusions. 



COMPOUNDS AND MIXTURES 



OUTCOMES Suggested Time Allotment: 9 Periods 

• Many substances contain more than one element. 

• Elements may be united to form new substances called compounds. 

• Compounds are substances made of elements but with properties 
different from those of the original elements. 

• There are many compounds each having unique properties. 

• A chemical formula represents a combination of elements in definite 
proportions. 

• A chemical equation represents the manner in which elements 
and/or compounds react with one anotfier chemically. 

• A chemical change is one in which the end products differ from 
the original substances; in a physical change, the end products are 
chemically the same as the original substances. 

• In chemical changes, energy may be absorbed or released; the 
former is called an endothermic reaction, the latter, an exothermic 
reaction. 

• Many substances are mixtures of compounds and/or elements. 

• A mixture is a combination of two or more substances each of 
which retains its own identity. 

• A mixture is formed or separated by physical means. 



Suggested Lessons and Pnxedures 

9. WHAT AK COMPOUNDS? 

a. Without telling the pupils the name of the compound, demonstrate 
the decomposition of mercuric oxide by heating as follows: 
fnto a pyrex test tube, place about one-half teaspoonful of mercuric 
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oxide. Then heat it strongly in a Bunsen flame tor a few minutes 
and test with a glowing splint every ten seconds or so. Examine the 
deposit formed on the inside of the upper part of the test tube. 
Scrape out the deposit on a watch glass to observe it closely. Have 

the pupils: 

1) Identify the gas as oxygen by splint test. 

note: Avoid any inhalation of the gas, which may be contami- 
nated with mercury vapor which is extremely poisonous. 

2) Recognize the scrapings as mercery. 

3) Offer a possible name for the substance which decomposed. 

4) Read the name from the label on the reagent bottle. 

5) Write the word and chemical equation for the reaction on the 
blackboard: 

Mercuric Oxide Yields Mercury and Oxygen 

2HgO > 2Hg-f02 

b. Have the pupils discuss the meaning of a chemical equation. Point 
out that a plus sign means “and,” an arrow signifies “yields” and 
the symbols represent the elements. Stress the idea that equations 
arc a short method of depicting a chemical reaction and that the 
writing of equations is universal among scientists, regardless of the 
coimtry of origin. 

note: Although the equations should be balanced, no explanation 
need be given unless pupils inquire what the numbers mean, nor 
should the students be held accoimtable for balancing the equations 
themselves. 

c. From an examination of the chemical reaction itself, have the pupils 
realize that: 

1) Mercuric oxide is made of a combination or union of two 
elements. 

2) To break up the union of the mercury and the oxygen heat is 
required. 

3) The elements are the building blacks that make up the sub- 
stance, mercuric oxide. 

4) Substances made up of a combination or union of elements are 
called compounds, 

5) Compounds differ from elements in that they can be broken 
down into simple substances. 

d. Tell the pupils that more than a million compounds exist and have 
them cite examples, giving the chemical elements of which they are 
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composed. Along with its fonnula, write each compound mentioned 
on the blackboard. Some compounds already mentioned in this unit 
are: water, H2O; manganese dioxide, Mn02; and hydrogen perox- 
ide, H2O2. In the honle are foimd such compounds as: table salt, 
NaCl; baking soda, NaHCOs; lye, NaOH; ammonia, NH4OH; 
and cane sugar, C12H22OH. 

10. WHAT HAPPENS TO EUEMENTS WHEN THEY FORM COMPOUNDS? 

note: Because mixtures of hydrogen and air are explosive, extreme 
care should be exercised in this lesson. No open dame should be brought 
near the generator. The generator should be rinsed thoroughly with 
water immediately after use, the zinc being retained. 

a. Recall that elements combine to form compounds and have the 
class raise questions relating to such combinations. Lead them to ask: 

1 ) Is the combination an addition of the elements in any amounts 
or quantities? 

2 ) Do the elements remain the same or do they change when they 
unite? 

b. Toward answering the questions, dem(mstrate and discuss the lab- 
oratory preparation of hydrogen by the displacement of water using 
the generator shown below: 
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NOTE : To collect two bottles of a gas, fill three bottles with water 
and insert them one at a time into the trough with the aid of glass 
plates. Place the free end of the delivery tube into the water of each 
bottle in turn and allow the gas to fill the bottle by displacing the 
water. Discard the first bottle which contains an explosive mixture 
of hydrogen and air. Keep the glass plates over the other bottles 
to prevent the escape of the gas. 

1 ) Identify the materials including the zinc and sulfuric acid and 
write their symbols and formulas on the blackboard: 

Zn and H 2 SO 4 

2) With the aid of the pupils, explain the water displacement tech- 
nique by pointing out that hydrogen gas pushes the water out 
of the collecting bottle. 

j 3) Discarding the first bottle, collect another bottle of the gas, test 

it with a burning splint and show that it is hydrogen. Be sure 
I first to fill the bottle completely, and second to test the gas away 

I from the generator. 

1 

c. Display another 8 -oz. gas bottle, stress the fact that it is clear and 
fill it completely with hydrogen by water displacement. Holding a 
burning splint U> the mouth of the bottle, have the pupils observe 
carefully as the burning of the hydrogen proceeds to the bottom of 
the bottle. Develop an understanding of the changes in elements 
when they form compounds as follows: 

1) Pennt to the cloudy appearance of the bottle to show that when 
hydrogen bums, water is produced. Observe this promptly. 

2) Compare the formulas of both substances to indicate that oxygen 

I from the air must have combined with the hydrogen to form the 

j compound, water. 

3) Write the equation for the chemical reaction on the blackboard: 

I Hydrc^en -{- Oxygen - — ^ — > Water 

2H2 -{- O2 — — 2H2O 

(2 elements) (1 compound) 

4) Examine the equation to see that two voliunes of hydrogen 
combined with one volume of oxygen to form two volumes of 

I water vapor, showing that elements combine in definite quanti- 

ties or proportions. 

note: Only with gases do the coeffidents relate to volumes as 
well as numbers of molecules or moles. 

5) Contrast the properties of the elements hydrogen, which bums, 
and oxygen, which supports combustion, with those of the com* 
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pound water, which puts out fires — evidence that the elements 
change when they combine to form compounds. 

<1. Return to the laboratory lesson on the burning of steel wool or iron. 
Have the pupils realize that oxygen must also have been added to 
the iron to forin the comjjound, iron oxide. Explain that reactions 
involving the addition or combination with oxygen are called 
oxidations. 

e. Summarize by having the pupils explain that when a compound is 
formed, the elements combine in definite proportiems to form a 
completely new substance. Such a complete change is called a 
chemical change. 

II Qiid 12. HOW DOES A CHEMICAL CHAH6E DIFFER FROM A 
PHYSICAL CHANGE? 

TO THE teacher: By the third laboratory lesson, the pupils should be 
capable of following accurately the directions of a laboratory work- 
sheet. This exercise seeks to reinforce this ability, as well as pi^ously 
acquired outcomes, in clarifying the difficult ccmcept of the difference 
between a physical and a chemical change. The teacher should open 
the lesson by explaining that a chemical change is one in which a new 
substance or substances is formed during a chemical reaction. In a 
physical change, the original substances retain their diemical pit^ierties, 
although their size, shape or appearance may be altered. 

As always, the teacher should review the safety instructions applic- 
able to the exercise. He should go about the room to see that directions 
arc followed and to give assistance and encouragement. 

LABORATORY WORKSHEET #3 
(May be duplicated for distributimi to the pupils) 

Purpose: To study the differences between chemical and phyrical 
changes. 

Materials: 

\. Wood splints 

2. Bottle of cop|>cr sulfate solution 

3. Two-inch iron nail 

4. Pyrex test tubes and rack 

5. Burner 

6. Glass plate 

7. Forceps or tongs 



Before you start: Bear in mind that a chemical change is one bringing 
about the formation of one or more new substance. This process is 
called a chemical reaction. In a physical changCt the original sub- 
stances keep their identity, although their size, shape or appearance 
may change. 

Procedure: 

1. Examine a wood splint and note its appearance. Break it into two 
pieces and observe how it has changed and whether or not it has 
retained its original properties of a piece of wood. Fill in your 
observations on the first line of the table below. Be sure to give the 
reasons why you think it is a chemical or physical change. 

2. Tear a piece of paper into the smallest possible pieces. Record your 
your observations by filling in the second line of the table. 

3. With the aid of forceps or tongs, bum a wooden splint completely. 
Record your observations on line thre^ giving the reasem why it is 
a physical or chemical change. 

4. Pour one inch of copper sulfate solution into a test tube and care- 
fully place an iron nail into the tube. After about five minutes, 
remove the nail and observe it carefully. Note the material on the 
nail to see how it differs from the part of the nail which was not 
in the soluticMi. Record your observatirms on line four. 

5. Into another test tube pour a small quantity of water. Heat it 
gently until the water boik. Hold a cool glass plate over the vapor. 
Observe what happens and enter your observations bn line five. 

6. What other physical or chemical change would you like to try? 
Ask your teacher for permissiem and reewd your observations on 
line six. 



TABLE OF OBSERVATIONS 



Substance 


Method of Change 
(Bum, tear, bredc) 


New 

Appearance 


Chcmicat or 
Physical Change 


Reason 


1. 










2. 










3. 










4. 










5. 










6 . 











Summary: 

1. What did you find out or conclude from this laboratory lesson? 

2. What do you think would happen if you performed the tests for 
hydrogen and oxygen with water vapor? Explain your answer. 
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3. In your own words, write up this experiment giving the purpose, 
materials, procedure, observations and ccmclusions. 

13. WHAT ARE THE PROPERTIES AND USB OF A COlWMON COMPOUND? 

a. Display a laboratory set up similar to that used to prepare hydro- 
gen, substituting marble chips or sodium bicarbonate for the zinc. 
To the question, ‘‘How can this apparatus be used?”, the pupils 
should reply that you are going to pour acid into the bottle collect 
a gas and test it. Remove the trough or basin, enter the delivery 
tube directly into an 8-oz. collecting bottle, which is held right-ride 
up, and proceed to collect three bottles of the gas by ear displace^ 
merit, using dilute hydrochloric acid. Cover the three bottles the 
gas with glass plates and show the class the indications gas 
production in the generator bottle. Have the pupils discuss the dis~ 
advantages of this method of gas collection ccnnpared with that of 
water displacement. (By water displacement a bottle d[ neariy pure 
gas is obtainable and we can tdl rather accmately when the bottle 
is full of gas and thus avoid having the gas escape into the room 
unnoticed. Air displacement is used when the gas is soluble in water 
or when a dry sample the gas is desired.) 

note: When the marble chips react with dilute hydrochloric add, 
the carbonic add, which is framed first, is unstable and breaks up 
into carbon diomde and water. The GO 2 may be collected by the 
displacement of dther dr or water. In this instance^ the air dis- 
placement method is selected because of the opportunity it affords 
to broaden the experiences of the pupils. The collecting botdes are 
kept u]xight because carbon dioxide is heavier than air. The deliv- 
ery tube is brought to the bottom of the collecting bottle to push 
the air up and out. 

b. Study the pn^)ertits die gas in the cdlecting bottles as fdlows: 

1) Observe that it is a colraless gas.' 

2) Test rate bottle with both burning and glovdng splints. Have 
the pui»ls imderstand that the gas cannot be either hydrogen 
or oxygen. 

3) Place a small candle in the center of a laigrar jar or beaker, light 
the candle and pour the gas from the second bottle over the 
burning candle. 

4) Have the pupils state the properties of the gas and identify it: 
it is a colraless, odorless gas which puts out fires, is heavier than 
rir and is called carbon dioxide. 

5) Write the name and formula, GO 2 , (»i the blackboaid. 
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c. Demonstrate a test for carbon dioxide as follows: 

Mix the third bottle of carbon dioxide with about ten ml. of lime- 
water and shake it. Observe the milky appearance of the substance 
formed. 

note: Limewater may be prepared by mixing calcium oxide (lime) 
with water and filtering. Because limewater tends to deteriorate on 
standing, it should be tested prior to use and new material prepared 
if necessary. 

d. Show that carbon dioxide is present in exhaled air and is a product 
of a burning candle. For the first demonstration, a test tube is filled 
with about one inch of limewater into which air is exhaled through 
a straw or glass tube. For the second, a gas bottle is inverted over 
a burning candle until the flame goes out. Limewater is then added 
to and shaken with the bottle. From the results, have tb^ pupils 
understand that: 

1 ) Caiixm combines with the oxygen of the air to produce carbon 
dioxide both in the human body and in a burning 

2) Oxidation occurs in both cases. 

e. Have the class discuss some uses of carbon dioxide, such as in car- 
bonated beverages, in baking, in dry ice, and in fire extinguishers. 

14. WHAT HAPPENS TO ENEX6Y IN A CHEMICAL CHANGE? 

a. Exhibit a strip of magnesium ribbon and establish the fact that it 
is a metallic element by noting its luster and its place arnninr the 
metals in the periodic table. Holding the strip with tongs, proceed 
to bum it by starting the reaction in a Bunsen flame. Have the 
pupils examine the white powder residue to deteimine that: 

1) Probably an oxidation took place in which the magnesium com- 
bined with the oxygen of the air. 

2) The white powder is the compound which was formed in the 
reaction and is probably magnesium oxide. 

3) A chemical reaction must have occurred in view of the differ- 
ence in properties of the white powder from both elements, 
magneniun and oxygen. 

4) Light and heat eneigy were given off during the reaction. 

b. Write the equation for the reaction cm the blackboard and examine 
it to find that a metal combined with a non-metal, releasing heat 
and light energy: 

Magnesium -f Ox>gen > Magnesiiun Oxide 
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2Mg O 2 — > 2MgO -f- Heat -j- Light 

(Metal) -f” (Non-Metal) > (Compound) -f- (Energy) 

c. Show that in some chemical reactions heat energy but no light 
energy is released as follows: To a 150 ml. beaker half filled with 
sucrose, add enough concentrated sulfuric acid, with stirring, to 
char the sugar. Within a few minutes voluminous quantities of 
steam will ensue. 

note: Use care! Try out the demorutration in advance and add 
the acid a few ml. at a time. 

d. Have the pupils recall from their study of this unit other reactions 
in which energy was absorbed or consumed. For example;, the decom- 
position of mercuric oxide required heat energy while electrical 
energy was consumed in breaking up water into its elements. 

c. Summarize by having the pupils explain that in chemical changes 
energy is either released or absorbed. Tell them that when heat 
energy is released, it is called exothermic reaction; when heat 
energy is absorbed, the reaction is known as an endothermic 
reaction, 

IS. HowooMaTMBiNfmrmMC^^ 

a. In view of the clas^ mix some iron filings with salt and ask whether 
a compound has been formed — which might be called iron salt. 
Insist upon reasons for the negative answers, such as: 

1) A compound could not have been formed since any amoimt of 
each subst^ce could have been used. 

2) A cennpound probably was not formed because energy was 
neither absorbed nor released. 

3) A compoimd could not have been formed because the original 
substances retain their properties; for example, the colors and 
crystal structures remain and can be seen. 

b. Show that the iron filings retain their magnetic properties by sepa- 
rating them with the aid of a magnet Explain that the combination 
of irem and salt is called a mixture. 

c. Make a mixture of salt and sand and challenge the pupils to sug- 
gest means of separating the two substances. Demonstrate the follow- 
ing procedures: 

1) Add water to the mixture to dissolve the salt and separate it 
from the sand. 

2) Filter the mixture to recover the sand. Point out the correct 
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method of folding the filter paper, wetting it, and prop- 
erly affixing it to the funnel. 

3) Evaporate the salt solution in an evaporating dish to recover 
the salt. 

d. Have the pupils discu*^ the question as to whether the changes 
wrought by these procedures can be classified as physical or ch^- 
ical changes. The pupils should understand that since Ae original 
substances were recovered, boA Ae making of Ae mixtures and 
Aeir separations are physical changes. The following processes are 
physical changes: solution, filtration, evaporation, and magnetic 
separatimi. 

e. Summarize by explaining that mixtures differ from compounds in 
that mixtures arc formed by combining various qu^tities of sub- 
stances which do not lose Adr original properties in Ac process. 
Mixtures also can be separated by physical means. 



16«id 17. HOW CAH MOCTUiES BE SEPARATB1? 

TO THE teacher: TWs is Ae first complete problem-solving experience 
in Ae grade; many more are to follow. Although it should be empha- 
sized that substances in a mixture can be separated because Acy pc^ss 
different properties, no furAcr veAal clues should be offer^. Direc- 
tions Aould be kept to a ^ijimm. Since Ae required techniqu^have 
already been demonstrated, Ae pupils should encounter little difficulty 
in making Ae separations called for in Ae problem. 

Disttibute one prepared mfarture of three solid substances, suA as 
coarse sand, table salt and iron filings, to each laboratory group and 
ask Aem to devise a plan for separating Ae subs^ces. Approve Ae 
plan and Aen allow Ae pupils to make Ae separations. Upon recovery 
of Ae substances, check and grade Ae work. 



LABORATORY WORKSHEET #4 
(May be duplicated for distribution to the pupils) 

Purpose: By physical means, to separate a mixture of three substances. 
Materials: 

1. Mixture <rf Aree substances in a corked test tube 

2. Magnet 

3. Beaker 

4. Burner 
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5. Test tubes in a rack 

6. Funnel 

7. Filter paper 

8. Tripod or ring stand and damp 

9. Evaporating dish 

10. Wire gauze 

11. Tongs 

Procedure: 

1. With the classmates in your group, decide on a plan for separating 
the three substances in the mixture at your table. 

2. Write down the plan and have your teacher approve it. 

3. Following your plan, separate the thr^ substances in your mixture. 

4. When you have finished each separation, call on your teacher to 
check your work. 

Summary: 

1. What did you find out, or conclude from this laboratory lesson? 

2. Why is it necessary to plan before you do a laboratory experiment? 

3. What would have happened if you had evaporated the mixture 
before filtering it? 

4. What substances do you think were present in your mixture? Give 
reasons for your answer. 

5. Write up the experiment giving the purpose, materials, procedure 
observations and conclusions. 



ATOMIC THEORY 



OUTCOMES Suggested Time Allotment: 7 Periods 

• All matter is composed of small, invidble particles called atoms. 

• Atoms are made up of smaller particles including protons, neutrons 
and electrons. 

• The weight of the atcun is concentrated in a densely-packed 
nucleus. 

• Electrons are outside the nucleus and in constant motion. 

• Electrons are negatively-charged; protons, pos^Jively-charged; and 
neutrons have no electrical charge. 

• The Periodic Table of the Elements tells us the number and arrange- 
ment of the electrons as well as the relative weight of the atom. 

• Electrons are arranged outside the nucletu in shells. 

• Atoms of elements whose shells are complete do not ordinarly com- 
bine to form compounds. 

• During chemical changes, electrons move from one atom to another 
to complete their outermost shells. 

• The flow of electrons from atom to atom ccxistitutes an electric 
current. 



Suggested Lessons and Procedures 

K. WHAT IS AN ATOM? 

note: The lesson below may be presented as an illustrated lecture from 
which the pupils can be asked to recall facts and to draw conclusions. 
To make the historical development of the atom live, a variety of audio- 
visual aids should be introduced at appropriate times. Throughout the 
talk, stress should be placed upon the fact that each discovery was built 
upon preceding ones. 
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a. Introduce the topic by tearing a piece of paper into the smallest 
possible particles. Explain that out of such observations Democritus, 
an early Greek teacher, arrived.at his view that all matter is made 
up of small, hard, invisible, indestructible and indivisible particles. 
He named these tiny, invisible particles atoms. 

b. Many years later, in 1803, John Dalton, an English schoolmaster, 
published his “atomic theory,” which involved the following ideas: 

1) All'elements are made up of small, indestructible particles called 

atoms. 

Atoms of any element are alike in all their properties, whereas 
atoms of different elements are unlike in their properties. 

3) When elements combine to form compounds, the atoms of the 
elements combine to form the molecules of the compound. 
Hence, the molecule is the smallest particle of a compound. 

4) During chemical changes, the atoms do not lose their identity. 
For example, hydrogen and oxygen will unite in a chemical 
change to form water. The water can then be separated by 
electrolysis to recover the elements unchanged in the process. 

c. Continue the talk by pointing out that both Democritus and Dalton 
held the atom to be indivisible — a view that prevailed for many 
years. But, in 1897, an English scientist named Joseph J. Thompson 
discovered a sub>particle of the atom which he called the electron. 
As a result of J. J. Thompson’s work and that of Robert A. Milli- 
kin it was demcmstrated that the electron weighs about 1/1845 as 
much as an atom of hydrogen, the lightest known element. Follow* 
ing in succession was the discovery of two other sub-atomic particles: 
The proton was suggested by Em^t £. Rutherford in 1922 and the 
neutron by James Chadwick in 1932. Democritus’ and Dalton’s 
“Billiard Ball” atom could indeed be divided — and several times 
over! 

d. Call upon the pupils to remember that: 

1) An atom is the smallest unit of an element that can take part 
in a chemical reaction. 

2) A molecule, made of two or more atoms, is the smallest unit of 
a compoimd that retrins the properties of the compound or 
element. 

note: The smallest particle of a diatomic element, such as O 2 , 
is also termed a molecule. 

3) An atom is composed of at least three smaller particles: the 
electron, the proton and the neutron. Ordinary hydrogen atoms 
are exceptions in that they lack neutrons. 
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4) Each scientific discovery stems from those that precede it. 

5) Scientific discoveries transcend national boimdari^. 

6) The ideas of scientists are usually consistetit with the knowledge 

I of their times. 

I 

i e. Assign the entire class or selected pupils to report on the life and 

; work of Niels Bohfi giving his view of the atom. With the class, 

I develop criteria for good reporting, dting illustrations from your 

I own talk. Among the possible criteria, which may be drawn up as 

I a wall chart and displayed in front of the room, are: Was the report 

I interesting? Was it in your own words? Was it well illustrate? 

! Was it complete? 

note: It is essential that the first report be a good one to set the 
tone for those to follow. To this end, a bright yoimgster should be 
selecte and heard by the teacher in advance. It also will be helpful 
to suggest to him several sources for the requisite information. 

19. WHAT DOB AN ATOM lOOK UKE? 

a. Have a selected pupil report on the work of Bohr indicating his 
picture of an atom as made up of a central nucleus omtaining 

I neutrons and protons with planetary elections moving about it. Call 

upon other pupils for additional information and evaluate the 
report in light of the criteria established. 

b. Show atomic model, S>1 ^56-6968, and have the pupils point out 
the sub>atomic particles and their locaricms. Draw diagrams of the 
atoms <A hydrogen, helium and lithium as follows: 



HYDROGEN HELIUM LITHIUM 




c. Summarize by having the pupils understand that: 

1) The centred part of the atom, containing the neutrons and pro- 
tons, is called the nucleus; 

2) The weight of the atom is concentrated in the nucleus because 
the electrons have negligible weight. Recall that the hydrogen 
nucleus or proton weighs 184.5 times as much as an electron. 
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3) The atomic weight of an atom may be calculated by adding 
together the number of protons and neutrons. 

4) Around the nucleus the electrons are in constant moticm. 

5) The nmnber of planetary electrons equals the number of pro- 
tons in the nucleus of an atom. 

6) Every element differs from all others in possessing a different 
number of planetary electrons. 

d. For practice, have the pupils fill in the misdng data in the fdlow- 

ing table: 



ELEMENT PROTONS NEUTRONS ELECTRONS ATOMIC WEIGHT 



Beryllium 


4 


5 


(4) 


9 


Boron 


(5) 


6 


5 


11 


Carbon 


6 


6 


6 


(12) 


Nitrogen 


(7) 


7 


7 


(14) 


Oxygen 


8 


8 


(8) 


(16) 


Fluorine 


(9) 


(10) 


9 


19 


Neim 


(10) 


(10) 


10 


20 



note: The numbers in parentheses should be omitted when pre- 
senting the table to the pupils. 



20. HOW DO ATOMK PARTiaES COMPARE WITH ONE ANOTHER? 

note: TTiis lesson enlarges upon and explains some of the phenomena 
described in Science: Grades K-6 (Curriculum Bulletin 2a, 1958-59 
Series) which deals with Magnetism and Electricity. 

a. £xpo% a radioactive source, such as a radium-dialed watch or a 
sample of uranium ore, to a (^iger counter and have the pupils 
note the clicks, scale changes and meter reading. Explain that each 
chek signals the emission of an atcmuc particle which is amplified 
and coimted by the apparatus. Point out that it is most likely that 
the particles detected are electrons or beta rays. 

note: Comparable demonstrations can be shown with a cloud 
chamber or by charging an electroscope and then discharging it by 
striking a match. 

b. Show that electrons are electrically charged by constructing a home- 
made detector as follows: Cut a strip about one inch by five inches 
from a library card. Fold it in half lengthwise and balance it on a 
pencil point which is standing upright in the center a blackboard 
eraser. The pencil point should indent but not perforate the paper, 
so that the paper can turn easily. Then, 
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1) Chaxge a rubber rod or comb by rubbing it on wool, fur or 
hair. 

2) Bring the comb or rod near the end of the detector and observe 
that the card follows the comb or rod. 

note: By holding a magnet do^ to the electron stream in a 

Crooke’s Tube, it may be shown that electrons are particles. 

c. Have the pupils explain the preceding demonstration as follows: 

1) The comb or rod rubbed electrons off the wool or fiur, giving 
the comb a negative electric charge and leaving the wool with a 
positive charge. 

2) Electrons are negatively-charged; protons, positively-charged. 

3) The extra electrons on the comb attracted the protons in the 
card, causing it to follow the comb. 

4) Opposite electrical charges attract, similar charges repel. 

d. Compare atomic particles by developing the following table with 

the pupils: 



PARTICLE SYMBOL CHARGE ATOMIC WEIGHT LOCATION 



Electron 


e 


Negative 
(Minus 1) 


Negligible 
(1/1845 
Hydrogen atom) 


Outside of 
nucleus 


Proton 


p 


Positive 

(Plusl) 


1 

(About that of 
Hydrogen atom) 


Within 

nucleus 


Neutron 


n 


None 


1 

(About that of 
Hydrogel, atom) 


Within 

nucleus 



21. HOW CAN THE PERIODIC TABUE BE USED TO PICTURE THE ATOM? 

a. Recall that every element has a different nurhber of electrons, that 
the number of electrons is equal to that of the protons, and that the 
weight of an atom equals the total number of protons and neutrons. 
Ask the pupils, “You can picture any atom if you have the numbers 
of two particles. What are they?” Perhaps they will correctly sug- 
gest the numbers of electrons and neutrons or the numbers of pro- 
tons and neutrons. 

b. Have the pupils famine a wall chart and/or individual copies of 
the periodic table to note that it contains numbers whose signifi- 
cance has not been disclosed. Direct their attention to the figures 
on the upper and lower sections of each square and explain thdr 
meaning. 






1) The lower figure progresses numerically from element to ele- 
ment from number 1 to about 103. It represents the number of 
electrcHis (or protons) and is Imown as the Atomic Number. 

2) The upper jfigure is progressive but more irregular. It represents 
approximately the number of neutrons and protons in the nuc- 
leus and is termed the Atomic Weight. 

3) The number of neutrons alone can be calculated by subtracting 
the atomic number from the atomic weight written as the near~ 
est whole number. Note that practice in tlus rt^Vvl^itiAn was 
provided previously. 

c. With the aid of the figures in the periodic table draw di^granig of 
the nuclei oi the elements numbered one through five. These may 
also be shown by means of an atomic model kit 



HYDROGEN HELIUM LITHIUM BERYLLIUM BORON 




d. Have the pupils practice drawing diagrams of the nuclei of the de- 
ments whose atomic numbers are 6 through 201, unng the figures on 
the periodic table. 



». WIMT B IK MdUH6aim OF 1W BICnOlB M M ATOM? 

a. Raise the question, “Are the electrons arranged in bunches dr dus- 
ters, like ^ap^, outside the nudeus?” A pupil discussion should 
reveal that mutual repulsion of the negative charges should cause 
them to separate and arrange themselves in soihe sort of a pattern 
so that they will maintain the furthest distance from one another 
while moving. 

b. To determine the arrangement of the electrons, turn to the periodic 
table to note that the first three horizontal rows or periods contain 
the following numbers of elements respectively: 2, 8 and 8. Explain, 
too, that each period is terminated by an element which does not 
ordinarily combine to form compounds. Draw atoms of the inert 
dements, helium, neon and argon, uung dots to represent the elec- 
trons, and compare them with an atom of hydrogen. 
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HYDROGEN HEUUM NEON ARGON 




H-shell 



note: Prepared charts or a transparency with overlays can save a 
great deal of time in presenting these diagrams. 

c. From an examinaticm the diagrams, have the puj^ observe that: 

1) Electrons in atoms are arranged in sheUs, dengnated by the let- 
ters K, L, M, and so forth. 

2) The firs^ or K-shell, is smallest and carries a maximum of two 
electrcms when it is ccnnplete 

3) The next two shells, L and M, are ccxnplete when they reach 
a total <rf eight electrons in each. 

4) Atcnns tend to have complete sheik; all shells must be complete 
befcxre starting a new one. 

5) When all sheik are complete, the element is inert and will not 
enter ea^y into chdnical reacticms. 

6) Elements whose outer sheik are incomplete will combine to form 
OMnpounds. 

d. With the aid of an atomic model, demonstrate the progresnve build- 
ing up of the shells <rf dements numbered mie tlurough ei ghtf»pn . 
Then, draw blackboard diagrams of atoms numbered three to six, 
using both dots and numbers to represent electrons as follows: 



LITHIUM BERYLLIUM 
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BOROM CARBOl 




I e. In school and at home, have the pupils practice drawing the atoms 

i of elements numbered 7 through 20, using both dots and numbers 

I to show the shell ccaifigurations. 

i note: For the atomic diagrams done at the deslcs in school, it is 

‘ su^ested that simultaneous drawings be made on the blackboard so 

that the pupils may check their own eflforts. By going about the 
room, the teacher can assist pupils experiencing difficulties. 



23. HOW DO ATOMS FORM MOIECUUS? 

! a. Recall that molecules are formed when elements combine into com- 

j poimds and have the pupils cite instances of such reactions: 

1) Sodium 4~ chlorine — -» sodium chloride 

2) Magnesium 4" oxygen magnesium oxide 

3) Hydrogen -}- oxygen - — > water 

4) IitMi oxide 

5) Mercury -}■ oxygen — mercuric oxide 

b. By means of a blackboard diagram, chart or transparency of the 
atoms, show what happ^ when sodium combines with chlorine. 
Explain that the sodium atom lends or transfers an electron to the 
I chlorine atom, thereby completing all shdls. When all shells are 

I complete, no further reaction can occur. 




) 







c. Demonstrate and explain combinations involving the transfer of 
more than one electron; for example the formation of magnpcintr^ 
oxide and calcium fluoride from the elements. When CaF 2 is pro- 
duced, it requires two atoms of fluorine to complete the shells of 
one atmn of calcium. 



MAGHESIUM AT0M 0XY6EII ATOM 




CALCIUM FLUOR IME 




note: In the interests of time, the above reactions can be pictured 
on a prepared chart which is displayed and discussed briefly. Poly- 
styrrae or ball and stick models can also be used to visualize the 
reactions. 

d. From the foregoing, have the pupils summarize as follows: 

1) Atoms may form molecules when some have electrons to lend 
while others can borrow them. 

2) During chemical changes, electrons may move from one kind of 
atom to another to form molecules. 

3) When atoms combine to form molecules, enough electrons are 
transferred to complete all the shells. 















4) Usually, atoms of metallic elements, which can lend electrons, 
combine with atoms of non-metals, which can borrow them, to 
form molecules of compounds. 

5) The chemical formula of a compound represents the number 
and kinds of atoms that combine to form a molecule of the 
ctmipound. 

6) For the reason that an exact number of electrcms must be dis- 
placed in a chemical change, definite proportimis of the atoms 
involved are required to form a particular compound. 

c. As a home assignment, have the pupils practice drawing the luuon 
of the following atoms to form molecules: 

1) Lithium and flu(»ine 

2) Calcium and oxygen 

24 . WHAT HAPPOIS WHEN EUCnOIIS MOVE FROM ONE ATOM 
TO ANOTHER? 

a Review the preceding homew<M*k assignment by having pupils draw 
the atomic diagrams and show the electncm transfer. 



LITHIUM ATOM FLUORINE ATOM 




CALCIUM ATOM OXYGEN ATOM 
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b. Examine the atomic diagrams and the periodic table to discover a 
relationship regarding the atoms which may combine to form mole- 
cules. Lead the pupils to observe that: 

1) Atoms of the elements in vertical Group lA appear to combine 
with those in Group VII A, atom-for-atom. 

2) Similarly, those in Group II A combine directly with those in 
Group VI A. 

note: Do not, at this time, discuss the concept of valence or com- 
binaticHis with other colunms. 

c. Emphasize that, in every case, molecules are formed <mly when 
sufficient electrons are transferred to complete all ^ells. Demon- 
strate that electrons actually do move from the atoms of one ele- 
ment to another by setting up the following wet cell: 




Note: Use a voltmeter with a range of 0-3 volts.' If the deflection is too 
small, change to a 0-1 voltmeter, or a milli-voltmeter. U also is possible 
to light a IJ/a volt lamp in a miniature socket with the cell. 
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Following the preceding demonstration, have the pupils summarize 
that: 

1) When electrons flow from the atoms of one element to those 
of another, an electric current is produced. 

2) A flow of electrons (electric current) can be controlled, meas- 
ured and used. 
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SUGGESTED REVIEW QUESTIONS 

The questions that follow are not intended as a diagnostic tool or com- 
prehensive me^:sure of the outcomes of the imit. The teacher may use them 
for review piuposes or as a source of questions for a unit examination. 

1. Because of the possible danger involved, which of the following proper- 
ties should rarely be used to identify a substance? 

(a) state (b) color (c) taste (d) luster (e) weight 

2. A substance is a mixture when 

(a) it is a gas (b) it consists of substances in varying amoimts 
(c) it consists of definite proportions of elements which have lost their 
properties (d) it contains oxygen (e) it can be weighed 

3. An element which has luster and malleability is generally considered 
to be (a) a non-metal (b) a metal (c) a gas (d) a liquid 
(e) a non-conductor 

4. Oxygen may be prepared from (a) water (b) heat 
(c) hydrogen (d) iron (e) a magnet 

5. A gas which is yellow-green in color is (a) hydrogen (b) oxygen 
(c) nitrogen (d) carbon dioxide (e) chlorine 

6. A gas which causes a glowing splint to burst into flame is 

(a) hydrogen (b) oxygen (c) chlorine (d) carbon dioxide 

(e) nitrogen 

7. A gas which explodes when a burning splint is thrust into it is 

(a) hydrogen (b) oxygen (c) chlorine (d) carbon dioxide 

(e) nitrogen 

8. The modem periodic chart shows 

(a) an alphabetical listing of the elements (b) an arrangement of 
the elements in order of increasing atomic number (c) an arrange- 
ment metals and their compounds (d) an arrangement of ele- 
ments in order of increasing atomic weight (e) a listing of compounds 

9. The probable symbol for the element Osmium is 
(a) O (b) Ot (c) Ox (d)Og (e) Os. 
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10. Hydrochloric acid (HCl) is (a) an element (b) a mixture 

(c) a compoimd (d) a metallic element (e) a non-metallic element 

11. ZnCl 2 is the formula for (a) Zinc Chloride (b) Zinc Carbonate 

(c) Iron Chloride (d) Mercuric Chloride (e) Stannous Chloride 

12. The missing term in the following equation is Zn 2HC1 -> ZnCl 2 4" ? 

(a) Zn (b) CI 2 (c) H 2 (d) N 2 (e) O 2 

13. When steel wool is burned in air 

(a) its weight decreases (b) its wd^t increases 

(c) its weight remains the same (d) it gives off carlxm dioxide 

(e) it gives off phlogiston 

14. When steel wool is burned in air 

(a) it evaporates (b) it combines with oxygen 

(c) carbon dioxide is given off (d) water vapor is given ciS 
(e) nitrogen is produced 

15. When mercuric oxide is heated we get 

(a) only mercury (b) <Mily oxygen (c) water and oxygen 

(d) mercury and water (e) mercury and oxygen 

16. A magnet may be used to separate 

(a) a compoimd of iron and sulfur 

(b) a compound inxi and chlorine (c) a mixture of iron and sand 

(d) a mixture of sulfur and sand 

(e) a mixture of mercury and oxygen 

17. Chemical changes always result in 

(a) the production of heat (b) the formation oi a new substance 

(c) the production of light (d) the formation of water 

(e) the formaticm of carbon dioxide 

18. A gas was bubbled into limewater. The limewater turned milky. The 
gas was probably 

(a) oxygen (b) nitrogen (c) hydrogen (d) chlorine 
(e) carbon dioxide 

19. Dalton considered all matter to be composed of indivisible particles 
called 

(a) molecules (b) atoms (c) neutrons (d) protons (e) electrons 

20. Water is a(n) 

(a) acid (b) mixture (c) compound (d) clement (e) salt 

21. The changing of water to steam is an example 

(a) a chemical change (b) breakdown of water into its elements 
(c) physical change (d) electrolysis (e) hydrolysis 
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22. A chemical reaction in which heat is given off may be described as 
(a) magnetic (b) electrolytic (c) endothermic (d) physical 

• (e) exothermic 

23. The electrical chaise on the protcm is 

(a) negative (b) positive (c) twice the charge of an electron 
(d) twice the charge of a neutron (e) neutral 

24. The sub-atomic particle with the least mass is 

(a) neutron (b) proton (c) electron (d) deutron (e) molecule 

25. The lightest clement is 

(a) oxygen (b) helium (c) nitrogen (d) sulfur (e) hydrogen 

The questions below refer to the laboratory items shown in the 
diagrams. 




(a) Graduated 
cyl inder 



(b) 



Beaker 



T (c) Funnel 





Ring 

stand 



C 



26. Which item is best used to spread heat umformly? 

27. In which container is mercuric oxide most conveniently heated? 

28. In which item is filtration most efficiently performed? 

29. Which item is best used to measure quantities of liqiud? 

30. In which item can lau^ amounts of solution be heated? 
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Complete the following statements: 

31. When hydrogen bums in air, the 

compound produced k 

32. The smallest particle of a com- 
pound is a(n) 

33. The smallest particle of an ele- 
ment is a(n) 

34. A rubber rod is rubbed with wool. 

The particles which are transferred 
from the wool to the rod are 
charged particles known as 

35. The nucleus of an atom may c<m- 

tain protons and 

36. A natively charged object has an 
excess of charged particles called . . 

37. In an atom the number of electrons 

is equal to the number of 

38. The number of neutrons in an 
atom of beryllium (atomic wmg^t 
of 9, atomic number df 5) is .... 

39. The maximum number of electrons 
in the first shell of an atom is ... . 

40. The total number of atorm in a 

molecule d CO 2 is 

41. Metals cmnlnne chemically with 

non-metals by lending 

42. The weight of an atom is concen- 
trated in the 

43. The flow of electrons is called . . . 

44. Compared to the number ci non- 

metals in the periodic tabl^ the 
number of metals is 

45. An element whose atmns contain 
15 neutron^ 14 protons, and 14 
electrom has an atomic weight of 



46. A metal which is a liquid at room 

temperature is 

Refer to the accompanying dia- 
gram of the aluminum atom to 
answer questions 47-50. 

47. The atomic number of aluminum 

is 

48. . The atomic we^t of aluminum is 

49. The part of the atom containing 

the protcms and neutrons is known 
as the 

50. hi combining with a n(m<metal, 

the number of electrons this at<»n 
win lend is 




ESSAY QUESTIONS 

1. Give either a brief scientific explanation or draw a conclusion for each 

of* the followii^ observations: 

a. Althoi^ water consists of hydrogen which explodes and oxygen 
which supports burning, water may be used to put out fires. 

b. A rubber rod will not be attracted to paper unless it is first ribbed 
with wool. 

c. IVhen a radioactive source is placed near a Geiger counter, clicks 
are heard. 

d. Sodium (atomic number 11, atomic weight 23) is not likely to com- 
bine with lithium (atonuc number 3, atomic w^^t 7). 

e. In the sqiaratiem of sand, salt and water, filtration is used before 
evaporation. 

f. Limewater turns milky when nuxed with a gas. 

2. Describe the labcuatory experiences listed below using the suggested 

outline as a guide: 

Laboratory Experiences 

• Steel wool is burned in air. 

• A mixture ccmtaining powdered sugar, sand and iron filings is 
sqMurated. 

• The properties of metak are studied. 

• Differences between chemical and physical changes is studied. 



Outline 

(a) State the purpose or problem. 

(b) List the materials. 

(c) Write the proc^ure. 

(d) Describe: the obseijrations. 

(e) List the amclusions. 
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FOREWORD 

In these times of great scientific advancement and oppor- 
tunity, we are increasingly dependent upon a scientifically 
literate population. Our young people must be led to ex- 
plore, search for, and discover scientific ideas **which are 
durable for at least a generation.” 

A new science course of study for grades 7, 8 and 9, part 
of a K-12 program, is currently being prepared. The new 
course is based upon the sequential development of scienti- 
fic concepts from the four majcur science areas. 

This bulletin, '^Electricity, Magnetism and Heat,” is the 
second in a series of twelve bulletins, (me fcur each portion 
of the coune — chemistry, physics, biology, and earth sci- 
ence — at each grade levd. The materials herein have 
been applied and evaluated in classroom situaticms (wer a 
period of two years. Teachers and supervisors will find 
herein practical assistance in putting into practice the 
physics part (^ the proposed revised course in junior high 
school science. 

An overview of the revised course of study for grades 
7, 8 and 9, including a statement of philosophy, objectives, 
scope and use, appears on pages vii-xiii Science; Grade 
7 — The Chemistry of Matter (Curriculum Bulletin No. 
9a, 1962-63 Series). Teachers and superviscnrs should refer 
to these pages as they use "Electricity, Magnetism and 
Heat.” 

The science program, of which this bulletin is a part, 
envisions in*service training in schools and districts. 

It is hoped that this bulletin and the others in prepara- 
ti(m will make possible further development and extension 
of the program 

Joseph O. Loretan 

Deputy Superintendent of Schools 

Martha R. Finkler 
Acting Associate Superintendent 
Junior High School Division 

Jacx)b H. Shack 

Acting Associate Superintendent 

Division of Curriculum Development 
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ELECTRICITY 



OUTC0MB Suggested Time Allotment: 6 Periods 

• An dectric circuit is <Mie v^hich contains free electrcms an 
electromotive {occe to drive them along a complete conducting 
path. 

• Electrons Sow from the native terminal d a source along a cir- 
cuit and back to the poative terminal. 

• Series circuits provide a angle path fen: the dectrons while paralld 
circuits offer more than (me path. 

a Eilectromotive fcMrce depends upon the source and is measured in 
units called volts; the rate dectron iBow is measured in amperes; 
and resistance, in ohms. 

• Parallel dreuits permit independent <^)eration of dectiical device^ 
whereas series circuits do not. 

• Resistors may be used to control the flow of an electrical current. 

• The reastance of a ccmductcv depends upon its length, cross-sec- 
tional area, material and temperature. 

• Ohm*s Law states that the current in an electrical circuit is directly 
proporti(mal to the voltage and inversely propcmdonal to the re- 
sistance. 



note: This unit is built upon the learnings of dementary science as set 
forth in Handbook |ll. Science: K6, Curriculum Bulletin No. 2a, 1958-59 
Series: **Magnetism and Electricity.** Since success will depend largely upon 
the visibility of the demonstrations, it is recemunended that the teaser 
make use of demonstration meters, large apparatus and the overhead pro- 
jector, wherever possible. In additi(m, some teachers prefer to mount the 
apparatus permanently on wcxxlen boards. 



1 



Suggested Lessons and Procedures 
1. MUT IS iKMT nr an oEcnuc cunam 

a. Have the class recall from the chemistry unit that when metals 
react chemically they tend to transfer electrons from their outer- 
most ring. The flow electrons in a circuit is said to constitute 
an electric current. 

b. Fnnn elementary science the pupils should remember that they ob- 
served Si U/j volt lamp to light when a dry cell was ccmnected to 
it in a ccmiplete circuit. Demonstrate a similar circuit consisting of 
two No. 6, 1%-volt dry cells, bell wire, a knife switch and a 3-volt 
lamp in a miniature socket Show that the lamp lights when the 
switch is closed. Have the pupils identify each part the cir- 
cuit. To remove the visibility factor also use a bell or buzzer in 
place of the lamp. 

c. . Ckmduct a discussion of the functimis of the parts (tf the circuit along 

the following lines: 

1) Cut a worn-out dry cell longitudinally in half and explain that 
the me container reacts chemically with the cell contents leaving 
electrons to accumulate on the n^;ative terminal located on the 
periphery the dry cell. The mutual repulsion of n^;atively- 
charged electrons creates an electromotive force, of vdtage, 
which can push the electrons altmg a wire to the positive carbon 
electrode in the center oi the dry cell. 

2) Metal wires act > as conductors providing a path for the ready 
passage of electrons, whereas insulators oppose electron flow. 
This fact may be demonstrated by opening the switch in the 
above circuit and closing the gap with a variety of insulators 
and amductors. Moreover, the pupils should have their atten- 
tion drawn to the insulators in the circuit, such as, the covering 
on the wire and the non-metallic parts of the switch and the 
lamp. Freun the foregoing, the pupils should perceive that a 
property metals is their ability to conduct an electric current. 

3) The switch is a handy means of opening and closing the circuit, 
thereby controlling the flow of electrons. Show that the circuit 
can be opened by detaching any of the wires to the dry cells or 
the lamp. Display other types of switches, such as push buttons, 
keys, and toggle switches. 

4) The lamp is the load, or the part of the external circuit, upon 
which the electrems do the work. An electric bell, a motor, and 
a variety of other devices may be substituted for it 
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d. Conclude by defining a circuit as one which has an electromotive 
force, a source of electrons and a conducting path. When the path 
is complete, the circuit is said to be closed; when incomplete, the 
circuit is open. 

2. WHAT AK TK TWO BASK TVPfS Of OECTHKAl CmCWTS? 

note: For greater visibility the room may be darkened or 110-voIt 
lamps may be substituted in the demonstrations below. 

a. Recall that the circuit studied the preceding lesson caused one 
lamp to light. Ask the pupils, “How can v/e light two lamps with 
the same type of circuit?” Demonstrate the operation of the circuit 
below, including two 3-volt lamps connected with two dry cells in 
series. Draw the circuit diagram on the blackboard. Identify each 
symbol and show the direction of the path of the electrons from 
the native to the positive terminal of the dry cells along the wire. 
Explain that this is called a series circuit and that it provides only 
one path to the electrons. 



SERIES CIRCUIT 




b. Demonstrate that dry cells can be connected in series by attaching 
the negative terminal of one cell to the positive one of the other. 
Elicit from the doss why it is necessary to bare the wires at the 
ends. Point out that each cell is rated at volts and that two 
in series will deliver 3 volts. 

c. Remove one lamp from the series circuit and show that the other 
goes out also. With the aid of the above blackboard circuit diag;ram, 
lead the pupils to devise another type of circuit to permit the sec- 
ond lamp to remain lighted when the first is removed. Have the 
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pupils understand that an additional path must be provided for the 
clectrcms to allow each lamp to function independently. Set up a 
demonstration of the new circuit to show that it actually operates. 
Point out that such a circuit is known as a parallel circuit and is 
the one ordinarily present in the home. Compare the brightness of 
the kunps in the parallel and series circuits. 

PARALLEL CIRCUIT 




d. In summary, have the pupils explain that two basic types of cir- 
cuits exist. Series circuits have a single path for the electrons whereas 
parallel circuits provide them with more than one path. 

3. HOW CM Euemon M A CMCOT M MUSna>? 

a. Ask the class to imagine the flow of water in a stream or a pipe. 
Ask the pupils for the factors they might be able to measure. Lead 
them to suggest the possibility of determining the rate of and the 
force causing the flow of water. £x])lain that similar factors are 
measured in electricity; namely, the rate of flow of electrons is 
called electrical currentf while the electrical force or pressure is 
termed the voltage. 

b. Display an ammeter and a voltmeter and discuss their purposes: 

1) Ammeters measure the rate of flow of electrons known as the 
electrical current 

2) Voltmeters determine the force or pressure driving the electrons 
around the circuit. Emphasize that force, E.M.F., is required 
to push the electrons through a circuit. The voltage source, such 
as the dry cdls, supplies the electromotive force. 
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c. On the blackboard, draw a simple series circuit for lighting a lamp 
with dry cells through a switch. Challenge the pupils to signify where 
to place an ammeter and a voltmeter in the circuit correctly, giving 
reasons for the suggested placement. A discussion should reveal the 
necessity for connecting an ammeter in series where the entire flow 
of electrons can be recorded. By contrast, the voltmeter measures 
the electromotive force between two points in a circuit and should 
be connected in parallel with the lamps at the two points. Add tlic 
two meters to the diagram, as shown below. Place the ammeter and 
voltmeter in different parts of the circuit and ask the students to 
take readings and draw conclusions from the findings. 




d. With large demonstration meters, set up a display of the above 

circuit. Record on the blackboard the actual readings of the meters 

indicating the units, and: 

1) Explain that the unit of electric current is called an ampere. 
(This is the flow of one coulomb or 6.3X10** electrons past a 
point in one second.) 

2) The unit of electromotive force is the volt, which is defined as 
the force that will send one ampere of current through a re- 
sistor having one ohm resistance. 

3) Show how the ammeter is connected in series anywhere in the 
circuit whereas the voltmeter is connected in parallel with the 
resistor whose voltage drop is being measured. 

4) Stress that tlie n^ative terminals of the meters must be attached 
to the side of the circuit nearest the negative dry cell terminal; 
the positive meter terminal is placed closest to the positive cell 
terminal. 

5) Caution the class on the use of the proper scales on the meters. 
Emphasize that one should start with the largest scale and pro- 
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ceed to the smaller ones, finally settling on the lowest scale 
whose capacity is not exceeded by the dial reading. 

e. Have the pupils summarize that electrical current is measured in 
units called amperes by means of instruments known as ammeters. 
Voltmeters reccM'd dectromotive force and voltage drop in units 
called volts. Ammeters are connected in series in a dreuit; volt* 
meters, in paralld. 



4. HOW CAN THE CUnBIT M A CRCUIT IE COI^ 

a. Set up a demcHistraticm of a simple dremt with a dry cell, switch, 
lamp, and ammeter. Show that current flows when the switch is 
closed but stops when the switch is open. Ask the pupils if they can 
think of any way to r^ulate the magnitude of the current in tlie 
circuit, reducing the flow of electrons without stopping it 

b. To show that resist<nrs can control current and to demonstrate the 
factors upon which the resistance depends, prepare a wooden board 
as shown below. Each wire should be about two feet long. Connect 
one alligatcMr clip to one end the top wire and slide the other 
alligator dip alcmg the wire to vary the resistance of the circuit 
Note the change in lamp brightness or substitute an ammeter for 
the lamp and observe the variation in reading. Then, compare the 
lamp brightness or ammeter reading obUuned by omnecting the full 
lengths of each of the wires in turn. 




Have the pupils generalize as follows: 

1 ) Current in a dreuit may be controlled by resbtance. 

2) The resistance of a wire depends upon its length: the longer 
the wire the greater the resistance. 
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3) The resistance of a wire depends upon its gauge. The larger the 
diameter of a wire, the lower is its gauge number and the lower 
is its resistance. 

4) Wires of different metals differ tn resistance. 

5) The resistance of a wire increases as its temperature increases. 

c. On the blackboard, draw a diagram of the preceding demonstrati<ni, 
such as that shown below. Define resistance as opposition to the 
flow of electrical current and explain that the unit of resistance is 
called the “ohm.” (The ohm is defined by scientists as the resistance 
oi a cdumn of mercury 106.3 cm. long and 1 nun. square in cross 
sectiem.) 




d. Have the pupils discuss pos^le causes for wire resistance. The 
concept should be devel(^}ed that as electrms pass through a wir^ 
their motion is impeded by mutual repulsion with the electrons of 
the atmns of the element <rf which the wire is mad^. (1) T^ntig 
wires c^er more resistance in view of the greater number of re- 
pulsions. (2) Thicker wire has less resistance since it provides a 
wider path for the electrons to flow. (3) Variations in resistance 
of different metals may be explained in terms of differences in elec- 
tron configuration. (4) Finally, make the point that heat results 
fit»n the work done in forcing the electrons through the wire. 

e. To illustrate some of the uses to which resistors may be pu^ display 
the coiled nidirome wire of a heating element and the coils <rf th in 
tungsten wire in a light bulb. Have the pujnls explain that the 
reason for the coiling and the thinness of the wires is for the purpose 
cS increasing length and, therefore, resistance and heat producticMi. 

«. WNAT FKIOK AFFEO IK ROW OF CUHniT M Ml 
BSCIMCU OKUin (Mm's law) 

note: This laboratory lesson is part of a series of problem-solving 
exercises. For the pupil, many purposes are served; for example the 
development of manipulatcHy skills with meters and circuits, practice in 
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making measurements, gathering and interpreting data, and, most im- 
portant, verifying the relationship among the factors of current, voltage, 
and resistance in a circuit — a generalization known as Ohm’s Law. 

The teacher should stress the fact that each of the problems may be 
solved by means of series circuits. He should remind the students that 
ammeters are always connected in series with the negative binding post 
connected to the side nearest the negative terminal of the dry cell. 

The pupils should be cautioned to use the highest scale first and not to 
make final connections to the dry cells or dose the switch until the 
circuit has been inspected and approved. If clips are attached to the 
ends of the wires, the pupils will find it much easier to make the re- 
quired circuits. 

Note, too, that the following laboratory worksheets are numbered con- 
secutively with the four presented m The Chemistry of Matter, Cur- 
riculum Bulletin, No. 9a, 1962-63 Series. 

LABORATORY WORKSHEET #5 
(May be duplicated fmr distribution to the pupils) 

Purpose'. To study the factors that affect the flow of current in an 
electrical circuit. 

Materials'. 

1. Three dry cells. No. 6, H/^-volt each 

2. Three 3-volt lamps in miniature sockets 

3. Suitable D. G. ammeter to secure a deflection of more than one-half 
of the scale if possible 

4. Push button or knife switch 

5. Annrmciator or bell type insulated wire 
Procedure: 

1. Start by setting up a simple series circuit consisting of one dry cell, 
one lamp and an ammeter as shown in the diagram. Make a record 
of the ammeter, or current, reading in column 4 below. Do NOT 
close the switch or fully connect the dry cell until your teacher has 
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inspected and approved the circuit. After receiving your teacher’s 
approval, dose the switch only long enough to read the meter. 

2. Find out what happens to the current when the vdtage in the 
circuit k increased. Remember that each of the dry cells delivers 
11/2 volts and that the voltages are added when the cells are con- 
nected in series. Do NOT connect three dry cells and only one lamp 
because this will bum out the lamp. You can prevent this from 
happening by using cmly the connecticms shown in the table. 

3. What happens to the current when the resistance is increased? 
Consider that each lamp has about the same resistance. 

4. To help you draw condusions, fill in your observaticms on the 
table below. 



TABLE OF OBSERVATIONS 



1. 

No. or Dry 
Cells 


2. 

Voltage Used 


3. 

Number of 
Lamps in Series 
(Resistors) 


4. 

Amperes 

Measured 


1 


1/2 


1 




2 


3 


1 




1 


1/2 


2 




2 


3 


2 




3 


4/2 


2 




1 


1/2 


3 




2 


3 


3 




3 


4'/2 


3 





Summary'. 

1 . What did you find out or conclude from this experiment? 

2. What you found out is known as Ohm’s Law. Write this law as a 
mathematical formula or equation. 

3. From what you have learned about electricity, explain why you 
would expect the condusions that you drew. 

4. If the voltage of a circuit is decreased, what would happen to the 
current? 

5. If the resistance of a circuit is decreased, what would happen to 
the current? 

6. Write up this experiment in your own words following the outline 
you used previously. 
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MAGNETISM 



OUTCOMES Suggested Time Allotment: 12 Periods 

• Magnetic materials include iron, nickel, and cobalt. 

• The force between two magnets depends upon the strength oi the 
magnets and the distance between them. 

• Magnets are believed to consist of atomic groups, or domains, each 
of which has magnetic properties. When the domains are properly 
arranged, a magnet is produced. 

• Magnetic lines of force represent the path a compass would take 
in proceeding from the north to the south pole. 

• The earth acts as a huge magnet with magnetic poles and lines of 
force between them. 

• The earth is a huge magnet with magnetic poles and lines of force 
between them. 

• Electrons in motion produce a magnetic field. 

• The strength of an electromagnet can be increased by increasing the 
number of turns of wire and/or the magnitude of the current 
and/or the permeability of the core. 

• An electromotive force is induced in a conductor whenever the 
conductor is placed in a changing magnetic field. 

• Electromagnetic induction is of wide use in such devices as gen- 
erators, transformers, and induction coils. 



note: Ordinary permanent magnets tend to lose their activity rapidly as 
a result of improper storage. It is suggested that bar magnets be paired 
with opposite poles together when not in use. Honeshoe magnets require 
a soft iron “keeper” across their poles. 

10 



r 



t 

i 



! 



[ 



I 



{ 



I 



} 




Suggested Lessons and Procedures 

7. WHAT DO WE KNOW AMUT MAGNETS? 

a. By means of the demonstraticms that follow, review the elementary 
science learnings on the subject of magnetism: 

1) Test the effect of a magnet on different substances, including 
chalk, wood, tacks, paper, nails, tin can and paper clips. Have 
the pupils ccmclude that metals containing iron are attracted 
by the magnet. 

2) Pick up a Canadian nickel with a magnet and show that the 
element nickel is a magnetic material. Explain or demonstrate 
that an iron ore, magnetite (lodestone), and alloys such as steel, 
permalloy and alnico ate also magnetic materials. 

3) Line up a row of paper clips, place a magnet horizontally over 
the entire row and show that magnetism is strongest at the poles 
of the magnet. 

4) Exhibit a large magnetic needle compass, show that it is a mag- 
net by picking up several tacks. Then, suspend it from its stand 
and demonstrate that it will point north and south if allowed 
to rotate freely. Stress that the ends are known scientifically as 
north- and south-seeking poles. For subsequent use, label the 
north-seeking pole with red paint or with a paper tab. 

5) Set up the following demcmstration: Suspend a strong magnet 
from a ring stand and clamp by means of a string. Beneath the 
magnet place a block of wood to which one end of another string 
has been tacked. Tie a paper clip to the other end of the string 
and allow the magnet to attract the clip toward but not touch- 
ing it, by adjusting the length of the string. Interpose between 
the clip and the magnet an assortment of materials including 
paper, wood, copper, aluminum, lead, inxi, steel and soil. Have 
the pupUs conclude that only magnetic materials can affect 
magnetic lines of force. 

b. Demonstrate the Law of Magnetic Poles by bringing each pole of 
a magnet dose to the labeled north-seeking pole of the magnetic 
needle. Have the pupils understand that tmlike magnetic poles at- 
tract one another whereas like poles repel. Point out the similarity 
to eldtrical charges. (Precautions should be taken to avoid pulling 
the magnetic needle from its pivot.) 

note: Cylindrical alnico magnets will move apart when like poles 
are brought together on a smooth surface. When unlike poles are 
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brought close together, the free magnet can be made to follow and 
obey the one being held. 

c. Have the pupils realize that magnetic attraction and repulsion are 
forces by demonstrating the factors governing magnetic forces, as 
follows: 

1 ) Rest a y 4 ^' steel ball on the laboratory table and gradually bring 
a magnet closer to the ball until it rolls to the magnet. The table 
should be raised slightly so that the magnet rests slightly above 
the ball. Have the pupils understand that as the distance de> 
creases, the magnetic force increases. In fact, magnetic force 
varies inversely or oppositely with the square of the distance. 

2) Set up a row of several magnets of different strengths. Include 
an alnico magnet. Find the strongest one by bringing the steel 
ball gradually closer to each magnet in turn and observing the 
one that attracts the ball at the greatest distance. Elicit the 
concept that magnetic force varies directly with the strength of 
the magnet. 

d. Conduct a summary to the effect that magnets are bodies with 
opposite poles that attract or repel certain substances with a force 
that varies directly with the strength of the magnet and inversely 
with the square of the distance from the substance. 

8. HOW CAN MAGNETISM BE EXPIAINED? 

a. Consider the question, “How can we make a magnet?” and have 
the pupils cite relevant experiences from elementary science. Demon* 
strate the following methods of ms^etizing steel and iron objects: 

1 ) With a strong permanent magnet, rub three pieces of steel wire 
or three steel needles several times in one direction. Test for 
the acquisition of magnetic properties with tacks or clips. 

2) Hold the strong magnet close to, but not touching, the head of 
a soft iron nail aiid show that the nail will pick up tacks or 
clips. Remove the magnet to observe the release of the tacks and 
to indicate that the nail has not been permanently magnetized. 
Explain that the effect of producing magnetism at a distance is 
termed magnetic induction. When magnetism is induced in soft 
iron, the effect is temporary, ending when the magnet producing 
the effect is removed. In steel the effect may be permanent. 

3) Test steel cabinets and steel radiators with a compass needle. 
Explain. 
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b. Aided by the three previously-magnetized steel wires or needles, 
show that magnets can be de-magnetized in several ways; for ex- 
ample rubbing one wire or needle in both directions with a magnet, 
heating the second until it is red-hot, and striking the third re- 
peatedly with a hanuner. 

c. Challenge the pupils with the query, “Gan a magnet be de-mag- 
netized by cutting or breaking it into small pieces?” Demonstrate 
that the cutting process merely creates additional magnets by mag- 
netizing a four-inch piece of steel wire. Show that it has a north 
and a south pole with a magnetic needle. Then, cut the wire into 
four equal parts and demcmstrate that each is a separate magnet 
with a north and a south pole similar to the (xiginal. 

d. From the demonstrations, have the pupils imderstand that magnets 
consist of atoms or groups of atoms each of which has magnetic 
prc^rties. When the atomic groups, or domains, are properly lined 
up, a magnet is produced. By rubbing a piece of unmagnetized steel 
in mie direction with a permanent magnet, or by holding a magnet 
near a piece of soft iron, the domains can be arranged properly to 
form a magnet. Heating, striking, or improper rubbing causes the 
domains to disarrange themselves. In shent, magnetism comes about 
through arranging the domains of a magnet; de-magnetization, by 
disarranging them. 

9. m 4 10. WHAT IS A MAOIKnC tlBBl 

note: This laboratcnry lesson aims to give the pupil an idea of the 
nature and characteristics of the magnetic field pattern around a bar 
magnet 

A simple explanatimi that magnets have an invisible area or field of 
force or influence around them should serve to introduce the lesson. It 
is within this field that magnets act upon magnetic substances. The 
teacher should point out that the job of each laboratory group is to 
study this magnetic field pattern which seems to be made up of lines 
of force. 

The introduction should be followed by a demonstration of only the 
technique of making a field pattern by placing a bar magnet below a 
piece of cardboard or a card, sprinkling irem filings from a shaker over 
the card, and tapping lightly to jar the filings into place. 

Fr(»n the exercise the pupils should understand that magnetic fields 
may be detected with iron filings or with a compass, and that lines of 
force are really the paths a emnpass north pole would take as it pro- 



ceeds from the north to the south pole of a magnet Lines of force are 
concentrated at the poles which accounts for the fact that horseshoe 
magnets have advantages over bar magnets. 



LABORATORY WORKSHEET #6 
(May be duplicated fcnr distribution to the pupils) 

Purpose: To find out the natiue and characteristics of magnetic fields 
and lines of force. 

Materials: 

1. Two bar magnets 

2. One horseshoe magnet 

3. Iron filings in shaker 

4. Cardboard cards 

5. Small blocks df wood, iron (Mr brass 

6. Small magnetic cxnnpass 

Procedure: Discover all you can about magnetic fields and line s of f<»€e 
by doing the fi^owing experiments: 

1. By using the technique demonstrated by your teacher, observe and 
draw the magnetic field pattern (xr lines cl force around: 

a) One bar magnet 

b) Two bar magnets with north and south pedes facing ea(h other 

c) Two bar magnets with north and north pole fachig one another 

d) Two bar magnets with south and south poles facing one another 

2. Find out the shape of several lines of force as follows: Place a sheet 
of paper on the laboratory table and center a bar magnet over it 
With pencil, mark the outline and polarity of the magnet on the 
paper. Then place a compass (m the paper near one pole and maV<» 
a pencil dot on the paper at each end of the nee^e. Move the 
compass away from the magnet until the end which was nearest 
the magnet is over the outer ci the two dots, and make another 
dot at the far end of the needle. Continue in this way until the 
line of dots reaches either the edge of the paper or the other pole 
of the magnet. Connect the dots to show the line of force. Draw 
several other lines of force in a similar manner. 

3. Find out what advantage a horseshoe magnet has over a bar magnet 
\^ewing the magnetic field pattern of a bar magnet should help 
you. 
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Summary: 

1. What have you found out about the magnetic field around a bar 
magnet? Two bar magnets? 

2. How can a magnetic field be detected? 

3. What are lines of force? 

4. What advantage does a horseshoe magnet have over a bar magnet? 

5. Write up thb experiment telling what you did, saw and found out. 

II.Wir BOB A MAONnK GOMTAB NBDU ATPOUi TO PONT 
NORTH? 

a. Display a magnetic needle and a dipping needle. Have the pupils 
observe that the magnetic needle points approximately north-south 
and may be used as a compass wWle the dipping needle mainPainc 
an angle of about 70* in New York. Test bottom and top of steel 
radiators and iron fence posts with a emnpass needle. Raise the 
question, “What can we conclude frmn these observations?*’ Develop 
a reasoning sequence similar to that below: 

1) The constant (xientation o£ the magnetic needles indicates that 
lines of force are present in the classroom. 

2) The direction d the lines force seems to be toward the north 
and toward the earth, as shown by the declination and inclina- 
tion of the needles. 

3) Because lines of force are affected only by magnetic materials, 
it is posdble that the lines penetrate the earth. 

4) Magnetic compasses, which are magnetic needles, show that lines 
of force are found everywhere on the earth and constitute a 
very extensive but weak magnetic field. Such a field must have 
resulted from a very large magnet. 

5) It is probable that the earth itself acts as a huge magnet with 
lines of force and a magnetic field large enough to account for 

I ' the above observations. 

t 

b. Picture the earth’s magnetic field by means of a chart, diagram, 
or transparency, as shown below. Interpret the diagram by explain- 
ing that the earth’s geographic north pole is not the same as the 
magnetic north pole. It follows that a compass points true north 
only when it forms a straight line with both the magnetic and 
geographic north poles. A dipping needle varies in inclination from 

j 0° at the equator to 90® at the magnetic poles. 

! 
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c. Summarize by exhibiting a magnetic globe or standing a magnet 
upright on the laboratory table. Indicate geographic north as dif- 
ferent from magnetic north. Move a laige compass needle around it 
in a horizontal circle to illustrate the changes in compass direction 
while travelling around the earth. At several points, stress the varia- 
tion of compass direction from geographic north. Explain that this 
variation is called declination. Use a dipping needle to show in- 
clination changes in going north and south. 

12. HOW CAN WE MAKE A MAGNET WITH EUCTRKIH? 

a. Introduce the lesson by telling the pupils that an important scien- 
tific discover was made accidentally by a professor named Oersted 
while lecturing to his class at a Danish university in 1819 . Re-create 
the setting by making a wide loop of bell wire, placing a large 
magnetic needle on a point within and in a plane <>arallel to the 
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loop, and connecting the ends of the wire momentarily to a dry 
cell by means of a switch. Have the pupils observe the deflection 
of the needle as well as its direction. Reverse the current flow by 
changing the connections to the dry cell and note the reversal of 
the magnetic needle's direction of deflection. Have the pupils re- 
port their version of the principle which was discovered; W ex- 
ample, lines of force and a magnetic held may be detected around 
a wire during the time it is carrying an electric current; the direc- 
ti<m of the lines of fenree depends upon the direction of the current. 

b. Continue by explaining that the fmregoing principle became the 
basis for the introduction of another kind of magnet, now known 
as an electnnnagnet. Have the pupils recall their experiences with 
electromagnets in elementary science. Demonstrate the construction 
of such a magnet by winding 20-30 turns of bell wire around a 
soft iron nail about 3-4 inches long; attaching the ends of the wire 
to a dry cell through a switch, and picking up tacks or paper clips. 

Stress the fact that each loop is called a turn; all the turns con- 
stitute a cfM. Have the pupils understand that an electromagnet 
condsts of a cml of wire, a source of current, and a core. 

c. Using the electromagnet previously constructed, demonstrate the 
differences between permanent and electromagnets by their effect 
upon magnetic materials or a magnetic needle, as follows; 

1) Open and close the switch to show that the magnetism of an 
electromagnet can be turned on and off at will, whereas that of 
a permanent magnet is more fixed. 

2) Remove the iron core from the coil and, in turn, substitute rods 
of non-magnetic material such as glass, chalk, copper, and wood 
to compare the effects of magnetic and non-magnetic cores. 
note: Other methods of increasing electromagnetic strength are 
the subject of the laboratory lesscm to follow. 

3) Recall from the opening demonstration that the direction of 
electrcMDS^etic lines of force can be changed readily while those 
of bar and horseshoe magnets are more permanent. 

d. In summary, examine both an ammeter and a voltmeter. Have the 
pupils explain that each meter consists of a coil of wire wound 
around an iron core and placed within the magnetic field of a 
permanent magnet. As current passes through the coil from the 
circuit in which the meters are connected, the coil becomes an 
electromagnet which is attracted or repelled by the field magnet, 
thereby being made to rotate an amount depending upon the mag- 
nitude of the current. 
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13. mmIR WmT AK SOW WAYS OF MAHNO AN BKIMMIASNET 
STMN60? 

note: Little or no direct help should be given the pupils in solving 
the two problems in this exercise. Out of the first problem should arise 
an understanding that electrwnagnets are similar to permanent mag- 
nets in affecting magnetic materials and in possessing opposite poles and 
a magnetic field. From the second, the pupils should find that magnetic 
strength depends directly upon the number of turns of wire in the coil, 
the number of dry cells, the size and nature of the core and the relative 
pondcm of the coU with respect to the ewe. 

Electrical themry hdds that doubling the number of dry cells in series 
should double the current and thus double the electromagnetic strength. 
To see how closely practice agrees with theory, the teacher is well ad- 
vised to tabulate the data in the first row of the table of observatiems 
for all the laboratrwry groups. Deviations from theory should be ex- 
phuned by the pupils with the aid of the teacher. If the results are 
averaged, it be shown that a larger number of observations are 
likely to be more accurate than a smaller number. A similar procedure 
may be followed with regard to doubling the number of turns of the 
electrmnagnet 

In order to prolong the life of the dry cells, all electrical circuits should 
be inspected and approved by the teacher before permitting final con- 
Ti ^ rirwic to the cells. Moreover, the pupils should be cautioned to close 
the switch only when the electromagnet is actually in use. 

LABORATORY WORKSHEET #7 
(May be duplicated for distribution to the pufnls) 

Purpose: To study the properties of an electromagnet. 

Materials: 

1. One bar magnet 

2. Two dry cells 

3. Four-foot length of bell wire 

4. Smaller pieces bell wire bared at the ends 

5. Two soft iron nails, and two steel alloy rods about 3-4 inches long 

6. Magnetic compass 

7. Tacks or paper clips 

8. Knife switch or push button 

9. Shaker of iron filings 

10. Piece of cardboard about 8 inches square 



Procedure: With your experimental team, plan how to do each of the 
following tasks: 

1. Make an electromagnet of 15 turns and connect it to a dry cell 
through a switch. Do NOT make final connections to the cell until 
your circuit is approved by your teacher. 

2. Use the electromagnet you have made and the bar magnet to dis- 
cover THREE ways in which they are similar. 

3. How many ways can you find to make your electromagnet stronger? 
Use table below to help you. 

4. What would be the effect of using a steel alloy instead of the nail 
as a core? Try it. 



TABLE OF OBSERVATIONS 



Turns 


Gore 


Number or Tacks 
Picked Up With 
1 Dry Cell 


Number or Tacks 
Picked Up With 
2 Dry Cells 


My 

Results 


Glass 

Average 


My 

Results 


Glass 

Average 


15 


INaU 










30 


INaU 








- 


15 


2 NaUs 










30 


2NaUs 











Summary: 

1. In what ways are electromagnets similar to bar magnets? 

2. What methods did you use to find this out? 

3. What ways did you find out of increasing the strength of an electro- 
magnet? 

4. Did doubling the number of dry cells or turns double the number 
of tacks the electromagnet picked up? Explain your results. 

5. Is the average of the class more accurate than the results of one 
^ group? Why? 

* 6. Write up this experiment in your own words, telling what you did, 
saw, and found out. 

15, HOW CAN Wl MAKI ItltlFICITY WITH A MAGNET? 

a. Recall that Oersted had shown that electiic currents in a wire pro- 
duce magnetic effects and raise one question asked by l^aiaday to 
see if the reverse is true, “Is it possible to obtain electric cuirent 
from magnets?” Have the pupils discuss and see clearly that since 
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electric current can produce motion of magnets, it should be pos- 
sible to have magnet motion produce electric current. 

b. Connect a coil of about 50 turns of wire to the terminals of a large 
demonstration galvanometer and have the students suggest motions 
of magnets that might produce an electric current, such as: 

1) Motion of the magnet in different directions both inside and 
outside the coil. Motion of coil relative to the magnet. 

2) Changes in speed of motion. 

3) Changes in polarity of side of magnet entering the coil. 

c. Using an alnico rod magnet, demonstrate the suggestions and record 
the results on the blackboard in a table such as the following: 



Motion 


Galvanometer Reading 


Direction of 
Deflection 


N-poIe in rapidly 






N-poIe in slowly 






Magnet at rest in coil 






N-polc out rapidly 






N-poIe outside of magnet 






S-poIe in rapidly 






S-poIe out rapidly 






Coil in magnet rapidly 






Coil out of magnet 
rapidly 







d. From the data above, have the pupils realize that the direction and 
magnitude of the induced current in a coil depends upon the speed 
and direction of the motion of a magnet relative to the coil. The 
faster the magnet or coil moves, the larger the current. The direc- 
.tion of the induced current depends upon the direction of motion 
of the magnet or coil and its polarity. In short, motion is essential. 
But the effect is the same whether it is the coil or the magnet which 
is in motion as long as lines of force are cut in the process. 

e. Summarize the foregoing principle by operating a hand A.C. gen- 
erator both slowly and rapidly. Use a neon lamp to show that the 
current periodically reverses itself as indicated by the fact that each 
plate glows in turn. Have the class explain that the repeated re- 
versal of the direction of the current is a characteristic of alter- 
nating current. 



U. HOW CAN WE INDUCE ElECTHCin WITHOUT M0VM6 EITHER A 
EIAGNETORACOII? 

a. Challenge the pupils to explain the following demonstration using 
their knowledge of the induction of electricity by motion of magnets: 
Around one-half of a soft iron bar or long nail, wind 10 turns of 
insulated wire and connect it in series with a switch and two dry 
cells as shown below; on the other half, wind 20 turns of wire and 
connect it to the terminals of a demonstration galvanometer. Have 
the pupils note that the deflection of the meter occurs only when tlie 
circuit is opened or closed. When the current flows steadily in the 
first coil, or primary, no current is induced in the secondary coil. 
(Caution: Only permit the switch to remain closed long enough to 
obtain a reading.) 




A pupil discussion should make clear that: 

1) When the primary circuit is closed by means of the switch, it 
becomes an electromagnet with a magnetic field and lines of 
force around it 

2) Because the core extends into the secondary coil, an electric 
current is induced into the secondary circuit. The effect is anal- 
agous to that of introducing a magnet into the secondary coil. 

3) When the primary circuit is opened, it no longer is an electro- 
magnet and the current induced into the secondary circuit is 
reversed — an effect comparable to that of removing the magnet. 

4) Hence, by repeatedly opening and closing a primary circuit, an 
alternating current can be induced into a secondary circuit. 

b. Explain that such an arrangement is similar to an induction coil 
and can produce very high voltages by increasing the number of 
turns in the secondary coil. Demonstrate the operation of an induc- 
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tion coil, showing the spark produced and the make and break of 
the armature. 

c. Raise the question, “Is it possible to induce a current into a sec- 
ondary circiut without opening and closing a primary circuit?” A 
pupil discussion should reveal that an alternating current reverses 
its direction very rapidly. The rapidly increasing and decreasing 
field induces a corresponding alternating £MF in the secondary. 

Develop the topic of transformers as follows: 

1) Exhibit several of such devices used to ring bells, move model 
trains and light neon signs. 

2) Explain that they are called transformers and operate only on 
A.C. current 

3) Point out that some lower the voltage and are called step-down 
transformers; others raise the voltage and are called step-up 
transformers. 

4) The amount that the voltage is raised or lowered depends upon 
the ratio of the number of turns in the secondary to that of the 
primary. Thus, if the secondary coil has twice the turns of the 
primary, the voltage will be doubled. 

d. As time permits, or as a homework assignment, do the following 
transform^ problems : 

1) The secondary coil of a transformer has one-half the niunber 
of turns of the prim^. Is this a step-up or a step-down trans- 
former? 

2) If the voltage across the primary is 50 volts, how- much voltage 
is present across the secondary? 

3) Another transformer has a secondary coil voltage of 100 volts 
and the secondary coil has twice the number of turns as the 
primary. What is the voltage across the primary coil? 



17. and 18. HOW CAN THE CURRENT INDUCED IN A COIL OF WIRE BE 
INCREASED? 

note: This laboratory lesson is an exercise in careful observation in 
order to draw conclusions in the solution of three problems. The teacher 
is advised to prepare individual coils of bell wire each about 4-6 inches 
in diameter and consisting of about 50 turns. The coils should be 
securely fastened at several points with electrical tape. To prevent 
severe damage to the galvanometers, the pupils should be strongly cau- 
tioned to avoid connecting the dry cells to the meter in any manner. 
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LABORATORY WORKSHEET #8 
(May be duplicated for distribution to the pupils) 

Purpose: To discover some factors involved in electromagnetic induction. 
Materials: 

1. Coils of bell wire of about 25 and 50 turns 

2. One 4-6 foot length of bell wire 

3. Two bar magnets 

4. Galvanometer 

5. Iron nail 

6. Knife switch or push button 

7. Tacks or clips 

8. Screwdriver, if available 

Procedure: Plan a method and solve the following problems using the 
materials at your table. 

1. Show that there are THREE methods to induce a voltage in a 
coil of wire with a bar magnet. Record the resultant current that 
flows in the wire as shown on the galvanometer. 



Method Number 


Name of Method 


Galvanometer Reading 
After Using Method 


1 






2 






3 







2. Find out if an electromagnet is as good as a bar magnet in inducing 
a current in the same coil of wire, h^ake an electromagnet of about 
15 turns of wire and compare the highest galvanometer readings 
of both magnets. Be sure that you do NOT connect the dry cell 
to the galvanometer. 

3. How many ways can you find of reversing the direction of an in- 
duced current? 

Summary: 

1. What did you find out or conclude from the first problem? Which 
method increased the current the most? 

2. Explain why the two bar magnets had to be held in a special way 
to increase the current induced in the coil of wire. 
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3. What did you conclude from the second problem? 

4. W'hy should a galvanometer not be attached directly to a dry cell? 

5. What are the ways you discovered for reversing the current in- 
duced in the coil? 

6. Write up this laboratory lesson including your procedure, observa- 
tions and conclusions. 
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HEAT 



OUTCOMES Suggested Time Allotment: 6 Periods 

• Heat generally causes solids, liquids, and gases to expand. 

• Temperature is measured by thermometers in units called degrees 
Fahrenheit and Centigrade are two of the scales in general use. 

• Heat is transferred by methods known as conduction, convection, 
and radiation. 

• Heat is measured in units called calories by devices known as 
calorimeters. 

• A calorie is the amount of heat required to raise the temperature 
of one gram of water one degree centigrade. 

• Heat can be explained in terms of the motion and eneigy of 
molecules. 



Suggested Lessons and Procedures 

19. now DOiS HEAT AffEa THE SIZE OF MATTER? 

a. Have the pupils recall that the flow of electricity through resistors 
or wires is generally accompanied by the production of heat, pro- 
viding the basis for electrical heaters, cookers, and the like. Explain 
that during this process electrical energy is converted to heat energy 
and ask, “What is the effect of heat energy upon the size of solids?” 
To find out, demonstrate the expansion of solids by heating the 
“Ring and Ball” apparatus. Plunge the heated ball into cold water 
to show contraction with decrease in temperature. 

b. Demonstrate the relationship of heat to expansion and contraction 
of other forms of matter; namely, liquids and gases, as follows: 

1) Fill an Erlenmeyer or Florence flask with colored water. Fit 
the mouth of the flask with a one-hole rubber stopper containing 
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a piece of glass tubing which projects about one inch below and 
six inches above the sU^per. Heat the flask and have the pupils 
observe the rise ot the water in the tubing. The reverse effect 
may be seen upon cooling the flask. 

2) Prepare a similar empty (dry) flask and, with a rubber band, 
secure a balloon to the longer end of the glass tubing. Upmi 
heating the flask, the expanding air should cause the ballocm to 
inflate. Cool the flask to observe the effect of contraction of the 
air. 

c. With a Bunsen burner, heat a straight bi-metallic, compound bar 
and challenge the pupils to explain the bending that occurs. Im- 

'' merse the device in cold water to observe the bar’s return to its 
former shape. From a discussion of the phenomenon, the pupils 
should realize that two different metals are jmned together (possibly 
iron and brass) and that they expand at different rates. 

d. In summary, have the pupils cite illustrations o£ useful applicaticms 
of the e.xpandon and contraction of matter: thermometers, thermo- 
stats, riveting, and casting molds. Follow with examples harmful 
Inflects, such as, the buckling of ddewalk^ roads, and rails in the 
summertime or during fires, as well as the cracking of drinking 

because of extreme tempierature changes. Conclude by hav- 
ing tf^pupils that matter generally expands upon heating 

and contrac^irK^ cwled. 

2a HOW B TIMPBtATWE MEASIMB)? 

a. Demonstrate the unreliability of the sense touch as a measure of 
temperature: Half-All one battery jar with hot water, a second jar 
with water at nxnn temperature and a third jar with very cold or 
ice water. Have a pupil put one hand in the Arst jar and the other 
hand in the third, for a period of about one minute. Then have 
him place both hands into the second jar, reporting his sensation 
of temperature to the class. 

b. Show how the principle of expansion and contractitm of solids and 
liquids can be applied more accurately to the measurement of tem- 
perature as follows: 

1 ) Display a mercury thermometer and have a pupil report on its 
operation, indicating the regular expansion of the mercury with 
rise in temperature. 

2) Exhibit the ccxnpound bar in an oven thermometer. Have a pupil 
explain the r^larity of bending in response to temperature 
changes. 
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c. Explain the mechanism and show the salient features of some special 
thermometers. The clinical thermometer has a constrictiem for 
holding the mercury at the highest point; it requires shaking before 
being refused. For low temperature, alcohol is the liquid of choice 
because of its low freezing point. Electrical thermometers utilize 
the junctions of two metals which when heated unequally cause a 
slight electric current to pass through a galvanometer. 

d. Develop the topic of thermometer scales as fdlows: 

1) Have the pupils read a Fahroiheit thermometer and report the 
temperature reading of the room. Emphasize the fact that the 
numbers refer to d^;rees F. 

2) Discuss the manner of selecticm of the numbers or degrees. Point 
out that in the Fahrenheit thermrxneter the freeang point of 
pure water is standardized at 32^* F. and the bdling point at 
212*’ F. The intervening space in the thermometer is divided 
evenly into 180 parts (xr degrees. 

3) Show a Centigrade thermometer and explain that the standard 
points on this scale were set at O'* G for the freezing point <A 
water and 100® C for the boiling point 

4) Make a side*by>side drawing on the blackboard showing a com- 
parison between the two scales at certain key points, such as the 
free^g point of water, its bmling point, room temperature 
and normal body temperature. 

HOW DOES NUT TRAVEL? 

a. Recall from the first laboratory lesson in chemistry that metals were 
shown to be good conductors <rf heat. Raise the question, “Do all 
metals conduct heat equally well?” Compare the conductivity of 
different materials with a conductivity wheel or as follows: Prepare 
rods 3-feet in length and made of such substances as iron, copper, 
aluminum and wood. Have several students hold one end of each 
rod, put the other end into a Bunsen flame and report to the class 
the moment they sense that heat has reached their hands. Point out 
that heat travels through solids by a method known as conduction; ~ 
metals generally are good conductors of heat, non-metals are poor 
conductors or insulators. 

b. Demonstrate a second method of heat transfer by holding a pin- 
wheel, smoking stick or punk over a Bunsen flame to show the rising 
current of heated air. That cooler air enters to push and replace 
the heated air may be revealed by lighting a candle, setting a glass 



chimney over it on blocks of wood, and by holding the smoking 
stick, rope, punk or incense beneath the chimney. Explain that the 
transfer of heat by motion of gases and liquids is called convection. 

c. Light a Bunsen burner, candle, or toaster and hold a block of 
paraffin near one side of it (If paraffin is unavailable, a pupil may 
simply hold his hands on both sides of the flame to sense the radiant 
heat.) Have the pupils attempt to explain how the heat from the 
flame is able to melt the paraffin. From the ensuing discussitm, the 
students should understand that conduction could not take place 
since no solid is present between the flame and the paraffin. Nor 
could convection account for the transfer of heat in view of the fact 
that heated air rises above the paraffin block. Only a third method 
of heat transfer could explain the observations — a method referred 
to as radiation. With the aid of a radiometer placed in sunlight, 
show that the energy of sunlight reaches us by radiation. Place 
radiometer near a gas or candle flame and explain the results. 

d. Summarize by examining the operation of a vacuum or Thermos 
bottle which is designed to maintain the temperature of its contents: 
Mirrored surfaces reflect radiant energy; the vacuiun between the 
walls precludes convection currents which require the presence of 
gases or liquids; while the insulating cork, along with the vacuum 
arid the double-walled container, inhibits the transfer of heat by 
conduction. 

22. WHAT IS HEAT? 

a. Open a bottle of ammonia and have the pupils raise their hands 
as soon as they detect the odor. Observe that the hands go up from 
the first row back. After a short time, stopper the bottle and ask, 
“How is it possible to smell a substance even though it is some dis- 
tance away?” Recall from chemistry that compounds are composed 
of molecules and explain that the molecules of solids are close to- 
gether, these of liquids further apart, and those of gases at the 
furthest distance from one another. Have the pupils imderstand that 
since odors can be detected at a distance and that since the odor 
seems to travel outward from the source, molecules must be in 
constant motion. 

b. Demonstrate that the motion of molecules can cause larger particles 
to move in patterns known as Brownian movement, as follows: 
Darken the classroom and project a light across it. Add smoke or 
chalk dust to the air and observe the dance of the dust particles 
caused by the bombardment they receive from the air molecules. 
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c. Show that heat increases the motion of molecules in the following 
manner: Heat the mercury in the Molecular Demonstration Ap- 
paratus, obtainable from the S-1 list, and call attention to the move- 
ment of the beads or wood chips. Point out the high speed of the 
tiny molecules necessary to move the relatively huge beads. Indicate 
that the bounding of the beads speeds up with increased tem- 
perature. 

note: a similar demonstration can be made by adding a half inch 
of mercury to a pyrex test tube and floating a dozen or so wood 
chips on the surface of the mercury. By means of a one-hole rubber 
stopper and glass tubing, connect the test tube to a vacuum pump 
and evacuate it. 

d. Explain that the foregoing demonstrations support a theory of heat 
which holds that heat is a form of energy caused by the motion of 
molecules. According to this theory, hot objects expand because they 
consist of rapidly-moving molecules which require more space the 
faster they move; cold bodies exhibit less molecular movement, 
thereby contracting in size. Since heated fluids expand, they tend to 
become less dense and are pushed up by surrounding masses of 
denser fluids giving rise to convection currents in gases and liquids. 
Note and explain the expansion of water from 4° C to 0° C as an 
important excepticm. Conduction of heat is explained by assuming 
that rapidly-moving molecules collide more violentiy and thus cause 
neighboring molecules to accelerate their motions. 

23. and 24. HOW IS HEAT MEASURED AND EXCHANGED? 

note: This laboratory exercise is designed to teach the pupils the basic 
techniques and calculations of calorimetry. From the computations 
should come an understanding of the concept that heat differs from 
temperature as well as a demonstration of the validity of the Law of 
Heat Exchange. 

During Ae introductory portion of the lesson, the teacher should inform 
the pupils that heat is measured in a unit known as a calorie, defined 
as the amount of heat required to raise the temperature of one gram of 
water one degree Centigrade. It follows that heat in calories can be 
determined by multiplying the mass of water in grams by the change 
in temperature. To simplify matters, the teacher should stress the fact 
that one milliliter of water weighs about one gram. 

Because of the inherent heat loss in the suggested laboratory technique 
of calorimetry, the lesson otters an ideal vehicle for careful observation 
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and clear thinking on the part of the pupils. Toward this end, the re- 
sults obtained by each group should be tabulated <wi the blackboard 
during the discussion period. At that time, a comparison and analysis 
of the finding s should be made and the summary questions should be 
explored. To show the importance of a control, the teacher should 
prepare and demonstrate the answer to summary question number two. 

LABORATORY WORKSHEET #9 
(May be duplicated for distribution to the pupils) 

Purpose: To study the measurement and exchange of heat. 

Materials: 

1. Two 500 ml. beakers 

2. Centigrade Thermometer 

3. Graduated cylinder, 500 ml. 

4. Calorimeter or tin can 

5. Burner 

6. Tripod or ring stand and clamp 

7. Wire gauze 

Procedure: With your laboratory team, decide on a plan to solve the 
following problems: 

1. How much is the temperature raised and how much heat is gained 
when you heat 100 ml. of tap water in a beaker for five minutes? 
Remember that calories of heat are computed by multiplying the 
mass of water in grams by the change in temperature. Also, it will 
help you to know that one ml. rf water weighs about one gram. 

Temperature Change in Degrees 

Centigrade ^ — 

Heat Gained in Calories — — — 

2. How much heat is gained and how much is the temperature raised 
when you heat 400 ml. of tap water in a beaker for five minutes? 

Temperature Change in Degrees C — - — 

Heat Gained in Calories 

3. What happens to the heat in both beakers of water when you pour 
them together into a calorimeter or a tin can? Be sure to stir the 
mixture after pouring. To help you with this problem, fill in your 
results under trial number one on the table below. Show heat lost 
with a minus (^) sign and heat gained with a plus ( + ) sign. 
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4. Try the same experiment a second time with 200 and 300 ml. of 
water in each of two beakers. Record your results as trial number 
two. 



Trul 

Number 


Beaker 

Number 


Quantity 

IN ml. 


Change in 
Temperature 


Heat Lost Or 
Gained 


1 


1 


100 






2 


400 






2 


3 


200 






4 


300 







Summary: 

1. From your results in problems one and two, explain whether heat 
and temperature are the same. 

2. What would have happened to the temperature change if you had 
started with the same amounts of tap water in the two beakers and 
heated them in the same way? 

3. What did you find out or conclude from the third problem about 
heat lost by one beaker of water as compared with die heat gained 
by the other? (This is known as the Law of Heat Exchange.) 

4.. Were the results you obtained in each problem the same as those 
of the other laboratory groups? Explain any difference. 

5. All the heat released by the burner was not transferred to the water. 
How was much of the heat lost? 

6. How could this group of experiments have been made more ac> 
curate? 

7. Write up this laboratory lesson including procedure, results, con- 
clusions and sources of error. 
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SUGGESTED REVIEW QUESTIONS 

The questions that follow are not intended as a diagnostic tool or com- 
prehensive measure of the outcomes of the unit. The teacher may use them 
for review purposes or as a source of questions for a unit examination. 

Directions (1-30) : Choose the letter of the term which best completes the 

statement. 

1. An electric current is a flow of electrons from 

(a) minus to plus (c) plus to minus 

(negative to positive) (d) plus to plus 

(b) minus to minus (e) anode to cathode 

2. In normal house wiring, electrical outlets are connected in 

(a) a parallel circuit (d) opposite directions 

(b) a series circuit (e) an open circuit 

(c) a short circuit 



3. The resistance of a piece of copper wire is 4 ohms. The resistance of a 
second piece of copper wire of the saihe thickness, but twice as long is 

(a) 1 ohm (b) 2 ohms (c) 4 ohms (d) 6 ohms (e) 8 ohms 

4. If EMF or voltage is increased in a circuit 

(a) the current will remain the same 

(b) the current will decrease 

(c) the current will increase 

(d) the resistance will immediately change 

(e) the voltage will divide equally among all parts of the circuit 

5. If the resistance in a circuit were doubled and the voltage applied kept 
the same, the 

(a) current would not change 

(b) current would increase 

(c) current would be reduced to half its original value 

(d) battery would not last as long 

(e) none of these would apply 
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6. A voltmeter 

(a) is more easily damaged than an ammeter 

(b) is always connected in series with the rest of the circuit 

(c) docs not have much resistance 

(d) is always very cheap 

(e) is usually connected in parallel with some other part of the circuit 

7. Ammeters 

(a) are not used as often as voltmeters 

(b) can never be connected to a lamp circuit 

(c) should be connected across a battery 

(d) should be connected in series with the rest of the circuit 

(e) are used only in parallel circuits 

8. Parallel circuits 

(a) are seldom used 

(b) permit independent operation of electrical devices 

(c) draw less current from the source 

(d) are used only with lamps 

(e) are not as good as series circuits 

9. Which of the following will not affect the resistance of a wire? 

(a) the length (d) temperature 

(b) the thickness (e) insulation 

(c) the nature of the metal 

10. Strong magnets are made of 

(a) nickel (b) copper (c) brass (d) cobalt (e) ^nico 

11. By moving two north poles toward each other you may 

(a) increase the force of attraction 

(b) increase the strength of the magnets 

(c) increase the force of repulsion 

(d) decrease the force of attraction 

(e) decrease the force of repulsion 

12. A device largely dependent upon induced currents for its operation is 

(a) the electric doorbell (d) transistor 

(b) the transformer (e) storage battery 

(c) incandescent lamp 

13. A high voltage can be obtained from low voltage by the use of 

(a) a resistor (c) a relay (e) a rheostat 

(b) a rectifier (d) an induction coil 
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14. To increase the strength of an electromagnet 

(c) decrease the applied voltage 

(d) use a copper coil 

(a) increase the current through it 

(b) increase its resistance 

(e) heat the coil 

15. When a magnet is in motion near a closed loop of wire so that lines 
of force are cut, a current flows in the wire. This was discovered by 

(a) Ampere (b) Volta (c) Faraday (d) Henry (e) Oersted 

16. When the North Pole of a bar magnet approaches a piece of brass, 
the end of the brass nearest the magnet 

(a) becomes a north pole (d) remains unaffected 

(b) becomes a south pole (e) is attracted 

•(c) becomes an electromagnet j 

17. The current in a conductor increases with an increase in voltage be- | 
tween the ends of the conductor. This principle was established by | 

(a) Alessandro Volta (d) Joseph Henry i 

(b) Andre Ampere (e) Michael Faraday 

(c) George Ohm 

18. The core of an electromagnet is made of soft iron because soft iron 

(a) is an electrical conductor 

(b) is easy to shape 

(c) is easily nu^etized and demagnetized 

(d) retains its magnetism 

(e) is cheap 

19. The voltage rating of a dry cell is 

(a) 1 volt (b) 1 5 ^ volts (c) 3 volts (d) 6 volts (e) 110 volts 

20. The wire in the heating element of an electric toaster is made of 

(a) aluminum (d) tungsten 

(b) copper (e) silver 

(c) nidirome 

I 

21. The rising column of smoke from a lighted cigar is due mainly to 

(a) conduction (d) reflection 

(b) convection (e) induction 

(c) radiation 
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22. Heat is a fonii of 

(a) force 

(b) power 



(c) enei^ 

(d) fuel 



(e) temperature 



23. All Fahrenheit thermometers have 

(a) 180° between freezing and boiling points of water 

(b) mercury 

(c) 100° between freezing and boiling points of water 

(d) alcohol 

(e) compound bars 
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Heat can cause changes in 

(a) length 

(b) color 

(c) molecular motion 



(d) temperature 

(e) all of these 



25. 
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Energy from the sun reaches the earth by 

(a) radiation (d) reflection 

(b) convection (e) induction 

(c) conduction 

X 

As a flask of water is heated 

(a) the color will change 

(b) air will be taken into^e^lask f 

(c) the liquid will increase in volume 

(d) the flask will break X 

(e) the flask gets heavier 

i 

27. A compound bar bends when heated because the metals of which it 
is made 

(a) do not expand (d) resist the heat 

(b) expand at the same rate (c) contract 

(c) expand at different rates 



(d) move rnore. slowly 

(e) niove faster 



28. AVhen a body is heated the molecules 

(a) expand 

(b) contract 

(c) move close together 

29. AVhen current flows through a resistance wire for a lengtli^^bj/ time 
(a) the wire will melt 



(b) the wire may become longer 

(c) the current will increase 

(d) the restance of the wire will become less 

(e) the battery voltage will go up 



14 



/> 



V 



(d) induction 

(e) reflection 



30. Solids transfer lieat by the process of 

(a) conduction 

(b) convection 

(c) radiation 

Directions (31-40) : Complete the statements that follow. 

31. A substance through which electrons do not move easily is called 

a (n) 

32. The heat required to raise the temperature of 1 gm of water 1* C. 

is called a (n) 

33. The Centigrade equivalent to 32° F is 

34. Thermometers are used to measure 

35. A bar magnet is broken into four equal parts. The number of mag- 
nets produced is 

36. A conductor carrying a current is alwa]^ surrounded by a (n) . . . 

37. The lines of force of a bar magnet are concentrated at the ... . 

38. The angle of dip at the magnetic north pole is . . . degrees. 

39. The cimcnt in a circuit is measured in units called 

40. The motion of a compass indicates that the earth acts as a huge . . 

Directions (41-50) : Identify as TRUE if the statement is wnrect; if the 

statement is not correct, change the italicized word to 
make the statement true. 

41. In all parts of a series circuit, the resistance must be the same. 

42. The rate of flow of electrons may be measured with an electrometer. 

43. The electromotive force in a circuit is measured in watts. 

44. Turning a switch to the “off’ position produces a short circuit. 

45. Electromagnetism is associated with the motion of neutrons. 

46. Mercury or alcohol is used in most calorimeters. 

47. A generator is a device for producing electrical energy. 
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48. The voltage ratio in a transformer depends upon the current ratio. 

49. In a step-up transformer, the secondary always has a greater amoimt 
of energy. 

50. The lines of force around a magnet may be changed by placing a piece 
of iron near the magnet. 



Directions ( 1 and 2) : Answer both of the following essay questions. 

1. Give either a brief scientific explanation or draw a conclusion from each 
of the following: 

(a) A compass can be used to show that an iim bar is magnetized. 

(b) Electromagnets can be made stronger than permanent magnets. 

(c) A balloon attached to an “empty” flask inflates when the flask is 
heated. 

(d) A boy connects two lamps to a battery. They glow dimly. Another 
boy connects the same two lamps to the battery and they glow 
brightly. 

(e) Train rails have spaces purposely left between their ends. 

(f ) A vacuum bottle keeps liquids hot or cold. 

2. Write up the laboratory experiences listed below, using the suggested 
outline as a guide: 

Laboratory Experiences 

Factors affecting the flow of electricity 
Nature of magnetic fields and lines of force 
Factors affecting the strength of an electromagnet 
Factors involved in electromagnetic induction 
How heat is measured and exchanged 

(a) State the purpose or problem (d) Describe the observations 

(b) List the materials (e) List the conclusions 

(c) Write the procedure 
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lOKWOlID 

In these tim^ of great scientific advancement and oppor- 
tunity, we are increadngly dependent upon a scientifically 
literate population. Our young people must be led to ex- 
plore search for, and discover scientific ideas “which are 
durable for at least a generation.** 

A new science course of study for grades 7, 8 and 9, part 
of a K-12 program, is currently being prepared. The new 
course is based upon the sequential development of scien- 
tific concepts from the four major science areas. 

Thb bulletin, “The Materials of Life,** is the third in 
a series of twelve bulletins, one for each portion of the 
course — chemistry, physics, biology, and earth science — 
at each grade level. The materials herein have been ap- 
plied and evaluated in classroom situations over a period 
of two years. Teachers and supervisors will find herein 
practical assistance in putting into practice the biology 
part of the proposed revised course in junior high school 
science. 

An overview of the revised course of study for grades 
7, 8 and 9, including a statement of philosophy, objectives, 
scope and use, appears on pages vii-xiii of Science; Grade 
7 — The Chemistry of Matter (Curriculum Bulletin No. 
9a, 1962-63 Series) . Teachers and supervisors should refer 
to these pages as they use “The Materials of Life.** 

The science program, of which this bulletin is a part, 
envisions in-service training in schools and districts. 

It is hoped that this bulletin and the others in prepara- 
tirni will make possible further development and extension 
of the program. 
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THE NEEDS OF LIVING THINGS 



OUTCOMES Suggested Time Allotment: 6 Periods 

• Living things carry on a number of basic activities or processes 
in common. 

• These processes or functions are essential for maintaining an 
oiganism. 

• For these processes, living things require food, oxygen, water 
and proper environmental temperature. 

• The microscope is an important tool in revealing the structure 
and functions of living things. 



note: 1. Many of the outcomes listed above have in one way or 

another been developed in Living Things.* It is recommended that the 
teacher be aware of the outcomes and experiences which the booklet offers. 

2. All experiments requiring dissection of animals (on any 
grade level) must be performed in the classroom under the immediate 
supervision of the science teacher. 

3. Animals which must be sacrificed for classroom use should 
not be killed, pithed, or decapitated in the presence of the pupils. This 
preparation should be made prior to the lesson by the teacher or the labora* 
tory assistant. 



Suggested Lessons and Procedures 

1. HOW CAN unno TMUeS Be GROWN AT HOME FOR STUDY? 

a. Introduce the unit by asking, “How can we search for and collect 
living things that are near us?” Contribute to the discussion by 
explaining that although we cannot see some of them, interesting 
living things are present all around us. As a guide in the growth and 
study of such organisms, duplicate and distribute the following sheet 
of directions on the next page. 

^Science: Grades K -6 (Ciurriculum Bulletin No. 2C, 1958-59 Series) 
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HOW TO OROW uvme things at home 



NOTE: I. For most of these activities, use a jar with a wide nwuth, such as a one 
pint peanut butter or mayonnaise jar. 

2. Observe and record changes that occur during growth and development. 



Grovjing Bread Mold: Obtain a wide-mouthed jar. Cut blotters or pieces of paper 
towelling in the shape of a circle and put them on the bottom of the jar. Moisten 
the paper and keep it damp. Sprinkle some dust on a piece of bread and place it 
on top of the moitt paper. Cover the jar loosely and set it in a ws^, dark place. 
Examine the bread daily for the white cottony grovirth of bread mold. Observe the 

changes that occur. 



Cidturing Bacteria: Crush a dozen dried lima beans and place them in a wide- 
mouthed glass jar half-filled with water. Do not cover the jar for about one day. 
Keep it in a ■vwum, dark place. After that time, cover the jar. 

Grovmv Yeast: To a wide-mouthed jar, add about one inch of water in which has 
been d^dved about two tcaspoonsful of sugar. Bujr imd muc in about one-qusuter 
tcdspoonful of fresh ycsist. Cover the yiv slid keep it in ^ warm, dark place* in 
out the role of yeast in making bread and wine. 



Gerrmnatmg Seeds: Line the inside of a wide-mouthed, glass jar with a Wotter or 
paper toweUing. Between the glass and the paper, place about five see* hal^ay up 
from the bottOTi of the jar. You may use lima beans, after soafang them in water 
for 24 houis. radish seeds or any other kind of fast-growmg ^ds. Pour about one- 
half inch of water into the bottom of the jar. Do not cover it. 



Growing Plants from Parts of Plants: Stick three or four toothpicks mto the sid« 
of an onion, a sweet potato, a carrot top or a beet top. Ii^erse the bottom of die 
specimen in a jar or glass filled with water. Be sure diat the ^cimen does not faU 
into die water. 

Raising Animals: If you have a pet animal, observe it dafiy and keep a record of *e 
food it eats and its feeding habits. Keep a record of the care you give it. Weigh it 
once a day at the same hour if a suiuble scale is available. Record the weights. 

Finding Protozoa and Algae: If you have an aquarium, ob«rve the sides and bottom 
of the tank every day. Look for a green growth on the sides and for debris on me 
bottom of die unk. l&camine bits of these materials under a microscope or magnify- 
ing glass. Look for small living things. 

CoMion: Be sure that the bacteria and yeast cultures mc well covered while being 
examined. Before transporting them, the cap of each j« should be opened slightly 
to relieve any pressure. The pir should then be closed tighdy, and v^pped seewly 
in many layers of paper, and carried in a box. Upon arrival at school, the «p should 
be opened slighdy and stored in that condition in the science room or laboratory. 



HOW TO GROW IIVING THINGS AT HOME 

NOTF,: I. For most of these activities, use a jar with a wide mouth, such as a one 
pint peanut butter or mayonnaise jar. 

2. Observe and record changes that occur during growth and development. 

Growing Bread Mold: Obtain a wide-mouthed jar. Cut blotters or pieces of paper 
towelling in the shape of a circle and put them on the bottom of the jar. Moisten 
the paper and keep it damp. Sprinkle some dust on a piece of bread and place it 
on top of the moist paper. Cover the jar loosely and set it in a warm, dark place. 
Examine the bread daily for the white cottony growth of bread mold. Observe the 
changes riiat occur. 

Culturing Bacteria: Crush a dozen dried lima beans and place them in a wide- 
mouthed glass jar half-filled with water. Do not cover the jar for about one day. 
Keep it in a warm, dark place. After that time, cover the jar. 

Growing Yeast: To a wide-mouthed jar, add about one inch of water in which has 
been dissolved about two teaspoonsful of sugar. Buy and mix in about one-quarter 
teaspoonful of fresh yeast. Cover the jar and keep it in a warm, dark place. Find 
out the role of yeast in making bread and wine. 

Gemunating Seeds: Line the inside of a wide-mouthed, dass jar with a blotter or 
paper towelling. Itetween die glass and the paper, place about rive seeds halfway up 
from the bottmn of the jar. You may use lima b^ns, after soaking them in water 
for 24 hours, radish seeds or any other kind of fast-growing seeds. Pour about one- 
half inch of water into die bottom of the jar. Do not cover it. 

Growing Plants from Parts of Plants: Stick three or four toothpicks into the sides 
of an onion, a sweet potato, a carrot top or a beet top. Immerse the bottom of the 
specimen in a jar or glass rilled with water. Be sure that the specimen does not fall 
into the water. 

Raising Animals: If you have a pet animal, observe it daily and keep a record of the 
food it eats and its feeding habits. Keep a record of the care you give it. Weigh it 
once a day at the same hour if a suitable scale is available. Record the weights. 

Finding Protozoa and Algae: If you have an aquarium, observe the sides and bottom 
of the tank every day. Look for a green grov^ on the sides and for debris on the 
bottom of the tank. Examine bits of these materials under a microscope or magnify- 
ing glass. Look for small living things. 

Caution: Be sure that the bacteria and yeast cultures are well covered while being 
examined. Before transportin|^ them, die cap of each jar should be opened slighdy 
to relieve any pressure. The )ar should then be closed tighdy, and wrapped securely 
in many layers of paper, and carried in a box. Upon arrival at school, the cap should 
be opened slighdy and stored in that condidon m the science room or laboratory. 
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b. Assign each pupil, as soon as possible, the task of growing at least one 
organism at home. Using actual materials, demonstrate the method 
of growing bread mold and answer questions relative to the other 
techniques. Discuss possible sources of materials and places to store 
their growing organisms at home. To stimulate the pupils and to serve 
as a model, set up about the rooiri'-an Exhibit of growing organisms. 
Invite the pupils to contribute to the exhibit. Make certain that Ac 
exhibit contains as many living organisms as possible. 

c. Raise the question, “What may we find out about the living things we 
grow?” For the su^sted investigations, have the pupils devise proce- 
dures to test Ac organisms under controlled conditions; Aus, yeast 
may be grown in different jars, wiA and wiAout sugar, or bread mold 
grown wiA and wiAout moisture. A student secretary should record 
the name of each pupil and what he is investigating, such as: 

• On what type of bread does mold grow best? 

• Will mold grow on dry bread? 

• How does bread mold grow? 

• To what extent does yeast grow without sugar? 

• Is air necessary for yeast to grow? 

• How does yeast make bread and cake rise? 

• How does yeast reproduce? 

• How well will bacteria grow in a refrigerator? 

• Do seeds need water to grow? 

• What does my pet need in order to grow? 

d. Discuss problems that may arise in trying to raise some of the organ- 
isms. Discuss the effects of variations in temeprature, food, light, mois- 
ture and air on growth and how to test for Aese effects. 

e. Have Ae class discuss the measures necessary for success of their experi- 
ments. The pupils should be required to : 

1) Make a daily notebook record, or log, of everything done includ- 
ing care and maintenance. 

2) Observe and record any changes Aat take place. 

3) Record Ae observed needs of living Aings ano Ae conditions 
under which Aey appear to grow best. 
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4) Revise and utilize at least one control for each growth experiment. 

* \i '6 * * 

5) Be ready to reiJort to the class on the results oi the e>iperiments. 






6) For the next laboratory period, bring their .Cultures to scho-^i for 
further study. 



2 . HOW CAN Wf TEU THAT A THING IS ALIVE^ 

' 1 i* 

a. Remind the pupils that, by now, their cultures and investigations 
should be under way at home. They should be able to <1 recognize 
whether the organisms are alive and growing. If no signs of life appear, 
students should start to grow new organisms. As an aid in ijistiiiilguish- 
ing living from non-living things, display a varijfty of living plants^ 
living animals, and. samples of fur, vibod, bread, rocks, chemical ele- 
ments and chemical compounds. Have the pupils select, with reasons, 
those they consider to be alive. Perhaps the animals will be chosen 
because they move and the plants because ffiiey^^ow. 



b. Challenge the pupils with the question, “How do you know that you 
are alive?” Develop the concept that living things engage in such 
basic activities as locomotion, ingestion of food, digestion, circulation, 
respiration, excretion, response to stimuli, growth and reproduction. 
Explain that these functions are referr^ to as life processes. 



Promote an understanding of some of the life processes mentioned by 
listing them on the chalkboard and discussing each in simple terms; 
for example, locomotion is movement from place to place; irritability 
is the ability to respond to stimuli. Stimulate the class to respond to 
such questions as: 



How can we tell if bread mold is alive? 



Do plants move? 

How can we tell if bacteria and yeast are growing? 

Do plants respond to stimuli? 

How can you be sure if an animal or plant is growing? 
How do bacteria, yeasts and molds reproduce? 






note: From the exhibit of growing organisms about the room, the pupils 

should be able to answer some of the questions; others may be answered by 
recalling previous science experiences. Pictures or diagrams may serve to 
show that plants move and react to such stimuli as touch, light, water and 
gravity, aq^ that bacteria reproduce by binary fission, yeast by budding, 
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and molds by sporulation. The teacher may find it desirable to show and 
discuss a suitable film on the activities of living things to clarify each of 
I the life processes. 

! d. Sumarize bv testing the ability of the class to distinguish living from 
^ non-living things. Display a bean or other seed along ^vith a pebble 

' of similar appearance and have the pupils decide whether one is alive. 

From the discussion, the idea should evolve that until the seed is 
I grown, it is hard to prove that it is alive, since some seeds may not be 

I alive and will not germinate. “Clinch” the concept by displaying a 

plant grown from a similar seed. 

e. Assign the class or selected pupils to report on the life and work of 
Anton van Leeuwenhoek. Stipulate that the report should emphasize 
his contribution to the development of the microscope, to the study 
of organisms, and to our knowledge of living things. 

3. HOW DOES THE MICROSCOPE HEIP US STUDY UVIN6 THINGS? 

note: Prepare and duplicate worksheets of a diagram of a conipound 
microscope. Provide spaces for pupils to label the parts and to describe the 

purposes of each part. 

a. Call upon the students to present their reports on the life, work, and 
contributions of Leeuwenhoek. 

b. Have the pupils observe the size of a letter on a printed page through 
a double convex lens and describe the result. Add a second convex lens 
close to the first and have the pupils observe the increased magnifica- 
tion. Explain that a compound microscope consists of two lenses, one 
called the eyepiece and the other the objective. Total magnification is 
arrived at by rhultiplying the magnification of one Icris by that of the 
other. Ask the pupils to determine the total magnificatiori of the low- 
power and the high-power lens systems of the microscopes used irr 

school. 

c. Distribute the duplicated worksheets (on the microscope) and have the 
pupils complete them ^ the lesson proceeds. With the aid of a larp 
chart of a compound microscope, demonstrate the main parts and dis- 
cuss the functions of each. Call upon pupils to repeat the identifica- 
tions, using a school microscope. Acquairit the students with the fact 
that microscopes are delicate and expensive instruments and develop 
a set of rules for their care, such as: 

• Hold and carry the microscope ^Wth both hands, one on the arm 
and the other below the base. 
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• Always keep the objectives in neutral position when not in use. 

• Focus upwards. 

• When the object is being viewed under high power, use only the 
.fine adjustment to change the focus. 

• Do not touch the mirror or either lens with the fingers. 

• To clean the lenses and mirror use lens paper. 

• When damage to the microscope is discovered or when objects 
cannot be observed properly, the teacher should be notified at once. 

d. In suminary, have the pupils explain that microscopes help us study 

living things by magnifying them so that their structures may be 

note: Remind the pupils to bring to the next laboratory and classroom 
periods, the microscope organisms they are studying at home. Microscopes 
will be available for further study of these oiganisms during the laboratory 
period. 

4. Mri 5. WHAT DOB TK MiCMSGOrE SHOW os ABOUT 

SOME OF THE UVHiC THM6S GROWN AT HOME? 

note: To the junior high school pupil, perhaps the most exciting aspect 
of biology is the use of the microscope to observe and examine the micro- 
scopic world that it reV^ls. This laboratory lesson is designed to follow up 
the learnings of the previous lesson (in terms of parts, functions and Care 
of the microscope) with the development of skill in its actual use. It also 
affords the pupils the opportunity to widen their study of the organisms 
grown at home. From their ob^rvations, the pupils should s^ evidences 
of life in yeasts and molds and observe locomotion in protozoa. Careful 
observation may reveal such needs of living things as air (protozoa tend to 
cluster near the edge of the drop), food (molds penetrate and dissolve 
bread) and water (protozoa shrivd and die as the drop dries up) . 

Experience indicates that initial teaching of the microscope is accomplished 
best by means of a step-by-step procedure similar to that described in the 
first laboratory lesson of the chemistry unit. After the pupils have practiced 
each of the stqjs using a microscopic slide of Elodea or of bread mold, and 
after each step is checked, the teacher should allow the pupils to solve the 
other problems in the exercise. 

note: Because of the possible danger that pathogenic bacteria were 
cultured at home, the teacher should not pemiit the pupils to make and 
examine slides of bacteria under the microscope. 
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UUOMTORY WOMBNEH #1* 

CMay be duplicated for distribution to tiic pupils) 

Purpose: To learn to use a compound microscope to study the living things grown 
at home 

Materials: 

1. Compound microscope 

2. Home-grown cultures of molds, yeasts and protozoa 

3. Leaf of Elodea 

4. Microscopic slidn and cover slips 

5. Forc^ 

6. Medicine dropper 

Before Starting: 

Remember that: 

1. Microscopes are very valuaUe and easily damaged. Therefore, you will be 
exact instructions. Do rtot touch anytiiing or do anj^thing until you ate told 
what to do and when to do it. 

2. You must be quiet in order to hear the instructions. The lesson cannot proceed 
until ^ere is wsolute quiet and attention. 

Procedure: 

1. Swing the low-power objective into ponnon. Listen for the click, which shows 
it is in fdace. How can you identify the low power? 

2. While looking at its side, lower the barrel until the low-power objective reaches 
bottom without touching anything. AVhy should you wrefully >vatch the bar- 
rel as it is lowered? 

3 Wth your hand at the side and on the same level as the objective, tilt tiie con- 
cave mirror untU it is apparent that a ray of linht is pi^jsing through Ae stage 
into Ae objective. Check to intiire that the diaphragm is wide open. What is Ae 
job of Ac diaphragm? 

4. Now look through the eyepiece and tilt Ac mirror unA you sec a very bright 
circle of light. Why should this be Ac brightest light you can get? 
i c. Make a slide of a drop of water with a leaf of Elodea plant. Hace a cover dip 
? or glass at an an^c over Ac slide and carefully lower it so that no air bubbles 

! form. Why? What does an air bubble look like? 

S 6. Place your slide on the stage and make Arc Aat Ac specimen is dircedy over 
j Ac opening in Ac stage. Place Ae clips on Ae slide. Why? 

7. Using Ac coarse adjustment and looking through Ae eyepiece, focus upwards 

1 slowly. Never focus dovmward. Why? 

8. Stop, when the object is in focus, and use Ae fine adjustment to obtain a sharp 

I focus. 

I 9. Draw what you see in the field of the microscope in your notebook. 

10. Now, slowly revolve Ac high power objective over the slide unA you hear a 
click Watch caref Aly to be sure Aat Ae high power objective does not strike 
Ac slide. 

11. While looking into the eyepiece, bring the specimen into sharp focus using 
fine adjustment loiob. Never use the coarse adjustment under high power* Why? 

12. Draw what you sec. 
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Problems: 

I. Make a slide of owe microscopic living thing that you grew at home, following 
the instructions of your teacher. Carefully observe the specimen under the 
microsc^e. Pick up a bit of bread mold with forceps and place it on a slide 
with a drop of water. View it under the low-power objective of your micro- 
scope. Protozoa move rapidly; try t» slow them down with threads of lens 
paper. Yeasts lequire hign power and can be seen best near the edge of the 
drop of water if the light is reduced somewhat. Do not make a slide or bacteria. 

Be sure to ask your teacher if you need help. 

, 2. Make a drawing of the specimen as seen under the microscope. 

3. Describe any activity or changes that you see which may indicate that the 
organism is alive. 

4 * find evidence that the living specimen heeds air, water or food. M^hat 

happens when the drop of water dries out? 

Summary: 

• I. What did you find out about the living thing you observed? 

I 2. What evidence did you find for believing that the organism you grew and ! 

I observed is alive? 

( 3. What evidence did you see that the living thing had certain needs? i 

I 4. From the different organisms observed by your class, what conclusions can you 

I . draw about living organisms? i 

I 5. Write a report of this lesson in your notebook. I 

1 ! 



6. WHAT DID WE HHD OUT ABOUT UVING THINGS? 

I a. Conduct a seminar by having the pupils deliver talks on their home 

i e.\periments with living things. Encourage them to display their 

; cultures as they describe their investigations. The teacher should insist 

j that the observations be stated accurately and specifically and that 

I the conclusions be limited to the experimental ^dcncc and recorded 

data. For example, a pupil may observe that his hamster drank water 
I regularly and that the water bottle was empty aftd: several days. 

I From the data he may conclude that his hamster may require water 

to alive. 

b. To promote a spirit of inquiry, ask the pupils to suggest and discuss 
questions arising ihom the experiments: 

• Why should fermenting or decaying mixtures not be kept sealed 
too long? 

• What should be done with the cultures after they have been 
studied? 

• What happens to the bread which is host to the bread mold? 

• Why do some breads remain free of mold longer than others? 

What are spores? 
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• What substances are produced when yeast is grown in sugar solution? 

• Where do germinating seeds get the food they require? 

• Do germinating seeds need light to grow? 

• Why can certain plants be grown from parts of the plants? 

• What are protozoa? 

note: it is suggested that ejqjlanadons be kept brief. For example, jars 
of fermenting or decaying materials release gases which may accumulate 
and exert pressure great enough to burst the container; molds make bread 
unpalatable; some breads coitain a mold inhibitor; and in yeast fermenta- 
tions, sugar may be convdied to alcohol and carbon dioxide. 

c. At this point, there may be considerable profit in discussing the prob- 
lems of the piqrils who were less successful in growing living things 
at home or in carrying throi^h their experiments. Encourage the class 
to suggest possible reasons for failure and means for solving the prob- 
lems so that these pupils may perform their experiments successfully. 

d. By way of summary, have the pupils connder the question, **What did 
we find out about the organisms we studied?*’ From the discussion, 
the pufuls should come to the conclusion that, in orddr to perform 
their life functions, living things need food, oxygen, water and proper 
environmental temperature. 
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CELLS 

OUTCOMES Suggested Time Allotment: 8 Periods 

• Almost all living things are made of cells. 

• The shape of cells varies and depends upon their functions. 

• Almost all cells contain a nucleus, cytoplasm and a cell mem- 
brane. 

• Plant cells usually have cellulose cell walls. 

• The chloroplasts of green plant cells assist in the manufacture of 
carbohydrates by a process called photosynthesis. 

• Most cells ars microscopic in size. 

• Living cells consist of a complex mixture of various chemicals 
known as protoplasm. 

• A group of cells similar in structure and function and which 
work together is named a tissue. 

• An organ is a group of tissues which are coordinated to do a 
specific job or jobs. 

• When several organs work together to perform a life function, 
they are called aii organ system. 

• A living thing is termed an organism. 

note: Prior to the start of the unit, the teacher should order a sufficient 
number of live frogs for laboratory lesson No. 12 (page 18) . In addition, 
a chicken thighbone should be placed in a j^ of white vinegar or dilute 
hydrochloric acid for use in the lesson. 

7. WHERE IS DIGESTED FOOD USED IH THE BODY? 

a. Provide the basis for the cell theory, that living things both animal and 
plant are made up of cells, as follows: 

1) Show pictures, diagrams, charts, slides or filmstrips of the cells 
nrialcing up a variety of animals: protozoa, sponges, hydra, worms, 
insects and vertebrates. Call attention to the nucleus in the cells. 

2) Demonstrate that plants, such as alga^ fungi, liverworts, ferns 
and higher plants are cellular in structure with visual material 
of various kinds. 
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3) Point out that cells arc the building blocks of living things and 
are the structures that utilize food to perforrii the life functions. 

b. Distribute a piece of clay, and a bead, for the nucleus, to each of the 
laboratory groups. Have them make clay cell models and evaluate 
them to realize that cells are three-dimensional iii structure, that the 
nucleus is within the cell, and that cell sizes and shapes vary. 

NOTEt This may be done as a demonstration in the interest of time. 

c. Discuss such questions as: 

1 ) Are there parts of living things not made of cells? 

(Crystalline lens of the eye) 

2) Are there cells without nuclei? (Red blood corpuscles) 

3) Do some cells have more than one nucleus? (Striated muscle cells) 

4) Can we see any cells with the naked eye? (Egg cells of birds) 

5) Are an y living thirigs not ihade of cells? (Probably viruses) 

d. Sununarize by drawing conclusions, such as the following: 

1 ) Almost all living things are made of cells. 

2) Some living things are one-celled; others are multi-cellular in 
structure. 

3) Cdls are usually microscopic in size. 

4) Cells vary greatly in shape. 

5) Within each cell is a structure called a nucleus. 

6) Digested food must reach and be used by the cells since these 
structures make up living things. 

e. Assign selected pupils or rows of pupils to report on the historical 
background of the cell concept. Include reports on Hooke, Brown, 
Schleiden and Schwann. 

8. WHAT DO THE PARTS OF A COL DO? 

a. From the reports assigned, have the pupils learn that the cell was 
named by Hooke, the nucleus discovered by Brown and the cdl theory 
stated by Schleiden and Schwann. These extraordinary scientific ad- 
vances were made possible by the discovery and the improvement of 
the microscope. 

b. Develop diagrams of the microscopic structure of typical animal and 
plant cells as follows: 

1) Using a bioscope, help the pupils identify the cell membrane, 
cytoplasm and nucleus in a slide of epithelial tissue. Human cheek 
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cells may be scraped from the inside of the cheek with the broad 
end of a flat toothpick. Spr^d them in the center of a clean slide, 
add a drop of Lugol’s or methylene blue solution and observe 
under the highest power. 

2} Draw and label a diagram of a generalized animal cell on the 
blackboard: 




3) Repeat the above for a generalized green plant cdl adding the 
cell wall and the chloroplasts. Prepared slides of the cross-section 
of a leaf should be applicable. 




c. Tell the pupils that scientists have determined the functions of the 
cell structures and ask them how it was possible to do so. Perhaps 
tiicy may suggest chemical analysis, micromanipulation and removal 
of cell parts, or tagging of digested food with radioisotopes. 

d. Explain the jobs of each cell structure: 

1) The nucleus is the directing agent; its removal affects cell life. 
Moreover, it determines the heredity of the individual. 

2) The cell membrane allows digested food and oxygen to enter 
the cell and wastes to leave. These cell exchanges occur through 
the membrane by diffusion. 

3) The cytoplasm is the "cell factory;” many cell activities and 
life processes take place here. 
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4) The cell wall keeps plant cells rigid and gives them shape since 
plants have no skeletal structures. It is made of a thick, dead, 
cellulose material (Wood is iiiade of cellulose.) 

5) The chlordplasts, with the aid of a pigment called chlorophyll, 
make carbohydrates from water and carbon dioxide by a process 
called photosynthesis. Green plant cells also synthesize proteins, 
fats and r^s, and vitamins. 

9. ond 10. WHY DO CmS HAVE DlfflRIHT SHAPES? 

NOTE- The following laboratory lesson is designed to give the pupils 
experiences in the use of the microscope for comparing the structure and 
functions of the different types of cells in plants. Moreover, it seeks to have 
the pupils solve two problems relative to the “cells” that Hooke observed, 

and to the size of cells. 

It is su^csted that the use and care of the microscope be reviewed in order 
to facilitate observations and to avoid damage. Then thc^ teacher should 
demonstrate methods of preparing tissues and making slides as follows: 

1 ) Leaf epidermal tissue may be peeled off the inside of an onion 
or obtained by cutting a strip of Bryophyllum, spinach, geranium, 
begonia or coleus leaf about one-fourth inch wide. With a razor 
blade or scalpel cut the strip part way through crosswise from the 
top. Bend the strip where it has been cut and peel off the lower 
epidermis. Place a bit of this tissue on a drop of water on a inicrrc^ 
scope slide and add a cover slip. Onion cells may be stained with 
a drop of LugoPs wlution. 

2) To show guard cells, a lettuce leaf may be tom at an angle to 
produce a thin edge which may be mounted on a slide. 

3) Break a eddry stalk, cut off a piece of “tliread” and mount it on 
a slide in order for the pupils to observe tube cells. 

As a related problem, the pupils may wish to observe the adaptations of 
root hairs or cells for absorbing water and minerals. Have available for 
this purpose either live radish seedUngs or prepared root tip slides. 

{See Laboratory Worksheet #11^ on page 14.) 

11. WHAT ARE CELLS MADE OF? 

a Have the pupils recall from the previous lesson that scientists study 
c(‘lls by observing them with a microscope and also try to analyze 
them chemically. Hold up an Elodea sprig and a piece of beef and 
explain that these methods will be used in class in an effort to answer 
tl>e question, “What sort of matter makes up cells?” 
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LABORATORY WORKSHEET #11 

(May be duplicated for distribution to the pupils) 

Pitfposci To find out the relation of the shapes of plant celjs to their jobs. 

Materials: 

1. Microscope 

2. Three slid^ and cover slips 
Lugol’s solution in a dropper bottle 

4. Single-edge razor blade or scalpel 

5. Forceps and two dissecting needles 

6 . Onion, Bryophyllum, geranium or coleus leaf 

7. Lettuce leaf 

8. Piece of cork 

9. Ruler, 6 or 12 inch 

Procedure: 

1. Find out if the shapes plant cells are well suited to their jote. To help you, 
follow the method demonstrated by your teacher for preparation of the slides 
of the plant cells. 

a) Epidermal or surface cells cover and protect the plant 

b) Guard cells of leaves form openings to allow ga^ to enter and l^ve. 

c) Tube cells in celery or other plant stems permit liquids to flow up and down. 

2. Make drawings of each type of cell to show how its shape helps it do its job 
well. 

3. Were the cork cdls observed by Robert Hooke complex living cells? To find 
out, use your razor blade to slice narrow wedges from a small box-shaped piece 
of cork (approximately % by % cross section) .* Observe the thinnest sections 

with your microwope. " 

4. Choose any cell and find out how long it is. Look at the cell under the micro- 
scope with one eye and at a ruler with the other eye. Remember to divide by 
the magnification of the microscope. 

5. What related problem would you like to investigate? Ask your teacher for ma- 
terials and obuin his permission to proceed. 

Summary: 

1. How are the cells you observed well-adapted to do their jobs? 

" 2. In what ways are Afferent plant cells similar to one another? Different? 

3. In what ways are plant and animal cdls similar? Different? 

4. Why do -cells come in so many different shapes? 

' 5. What did you find out about the “cells” that Robert Hooke observed? 

6. How long was the plant cell you observed? 

7. lk»w'did it compare in size with the cells your neighbors observed? 

8. Wharconclusion can you draw about the size of cells? ^ 

9. If you tried'another problem, wl»at did you find out? 
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•See New York State Biology Handbook, p. 19, Section 108. 
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b. With the aid of a bioscope, and/or microscope demonstrations show 
the movement of chloroplasts and cytoplasm in Elodea as follows: 
Mount a leaf from the growing tip of the -.ant, rightside up, in a 
drop of warm water on a microscope slide. Add a cover slip and focus 
on the upper layer of cells hear tfie midrib under high power. From 
their observations, have the pupil understand that the material making 
up the inside of the cell appears to: 

1) Allow light to pass through (translucent). 

2) Be colorless. Chloroplasts give plants the green color. 

3) Be fluid or semi-fluid since the chloroplasts move in it. 

4) Contain granules. 

c. Analyze the beef muscle chenucally for water by placing a small amount 
in a dry test tube and heating to show condensation along the cooler 
sides of the tube. Show the presence of protein in muscle cells by means 
of Ae Biuret test. Have the pupils recall that since digested nutrients 
amve at the cell, it may also contmn digested sugars, fats, minerals 
and vitamins. In addition, because food is used for cneigy, repair 
and growth, waste products like caibon dioxide also may occur in the 
cell. Have the pupils understand that some of the substances like 
sugars and minerals are probably dissolved in the waier; others like 
proteins and the granules are probably suspended j and fats are emul- 
sified. The entire contents of the cell is thought to be a complex 
mixture that is constantly changii^. 

d. Raise the question, “What other means which wei« studied in the 
chemistry unit may be used to determine the make-up of cells?” The 
pupils should suggest methods of separation of cell components by 
centrifugation, solution and evaporation, coagulation and precipita- 
tion. Explain that by high speed centrifugation the granules in cells 
have been separated and found to control eneigy production, growth 
and reproduction in the cell. For brighter groups, the granules may 
be identified as follows: 

1) Larger granules in the cytoplasm called mitochondria release 
energy as needed by the cdl through a chemical called ATP 
(Adenosine Tri-Phosphate) . 

2) Smaller granules in the cytoplasm known as niicrosomdi direct 
the manufacture of proteins for growth and repair by means of 
a compound called RNA (Ribo-Nucleic Acid) . 

3) Genes in the nucleus form chromosomes and determine reproduc- 
tion and heredity by means of a remarkable substance termed 
DNA (Deoxyribo-Nucleic Acid). 
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e. Summarize the nature of the material that makes up cells as follows: j 

1) It is a complex mixture made up of many substances. | 

2) The cell material is capable of growth, repair, reproduction and 
the release of energy. 

3) The material of the cell is very difficult to study because it is 
always changing and because it makes up life. Once we analyze 
it chemically, it is no longer living. 

4) The living material of the cell is known as protoplasm. 

12. HOW DO CEllS FORM LIVING THINGS? 

a. Introduce the topic of tissues as follows: Remove the chicken bone, 
prepared earlier, from the jar of vinegar or acid. Demonstrate that 
the bone can now bend easily even to the point of forming a knot. 
Tell the pupils that the liquid is an acid and have them realize that 
the mineral hardening substance in bone must have been dissolved, 
leaving the cells in a flexible condition. Show a diagram or slide of 
bone tissue indicating the cells and the mineral (calcium carbonate) 
matrix. Have the pupils note that all bone cells are alike in structure 
and function. Define a tissue as a group of cells similar in structure 
and function, working together as a group. 

b. With the aid of the bioscope, microscope demonstrations, or by means 
of charts, diagrams or pictures, show prepared slides of the animal 
tissues listed below. Have the pupils identify each, giving its job(s) 
and relating its structure to its function : 

1) Epithelial tissue 

2) Bone tissue 

3) Muscle tissue (striated) 

4) Blood tissue 

5) Nerve tissue 

6) Connective tissue (white elastic) 

c. Demonstrate the coordinated functioning of the many different tissues 
in an organ by means of a dissected chicken leg. Remove the skin 
from the complete leg and separate the individual muscles and tendons 
to the toes by carefully cutting the connective tissue between them. 
Show that the contraction of individual muscles moves specific toes 
by means of tendon connections to the bones. Exhibit the nerve to the 
leg as a tough white cord which stimulates muscle contraction. Explain 
that the leg is a body organ which does specific job, movement, 
through the coordinated action of many tissues: muscle, connective, 
bone and nerve. 
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d. Using a nn^nilcm or chart of the human body^ have the pupils give 
illustrations of other organs. Lead them to observe that organs work 
together to form organ systems, such as the digestive, circulatory, 
respiratory and nervous systems, each of which performs a life function. 
The organ systems are likewise coordinated to form a living thing, or 
an organism, which performs all the life functions. 

e. Sununarize by developing definitions which give the rdationships 
among cells, tissues, organs, organ systems and organisms. 

HAND 14. WHAT DO SOME 0R6ANSAND OEOAN SYSTEMS 
REAUY LOOK LKE? 

note: The following laboratory lesson aims to provide pupil experiences 

enabling them to understand the external and internal structures of a frog 
and to observe their division into organs and organ systems. 

Before class period, the frogs should be sacrificed by putting them in an 
airtight jar with a piece of ether-soaked cotton for about ten minutes. 
Prominently displayed, should be a chart of the anatomy of a frog. In its 
place, individual mimeographed diagrams of the frog’s internal structures 
may be substituted and distributed to the laboratory groups. living frogs 
should be ordered at least ten days before needed. Show the Bureau of 
Audio-Visual Instruction (BAVI) frog dissection filmstrip nq>idly. This 
may allay squeamishness which may be anticipated in a small percentage 
of the pupils. In the exercise on dissection, many teachers find it deniable 
to ’’talk throu^” the steps of a dissection. 

Observe the groups carefully at each step to see that they follow these 
directions: Place the frog on its back on the tray and pin down its arms 
and legs tightly. Grasp the skin and body wall of the lower part of the 
body cavity between the thumb and forefinger, lifting them away from 
the internal oigans. With the tips of the dissecting scirrors snip through 
the pinched up tissues. Then insert the point of the scissors into die open- 
ing and make an incision the length of the central body wall. Make 
another incisiem from this one to the base oi each forelimb forming two 
laige flaps of tissue that can be folded back, exposing the internal oigans. 
Insert pins through the flaps into the tray to keep the body cavity exposed. 
As related observations, the pujnls may find the time to view frog tissues 
microscoiucally. In this connection, epithelial, blood or muscle tissue may 
be recommended. 



UUKNUmWY WORKSHEET #12 

(May be duplicated for distribndon to die pupils) 

Purpose: To study the external and internal structures of the frog. 

Materials: 

1. Frog 

2. Dissectii^ tray and pins 

3. Scissors forceps, and medicine dropper 

4. Chart or du^ram of internal anatomy of the frpg 

5. Small beaker with 1% sodium chloride sdudon 

6. Straw 

Procedure: 

I. Carefully examine the external structure of the frog to observe each of die 
foUowii^;: 

a) Gcdor on top and bottom 

b) Webbing on feet 

c) Attachn^t of toi^e to mouth 

d) Number of eyelids 

e) Texture of die sildh 

а. Dowct die frog to observe its internal structure. Be sure to follow the direcdons 
of your teacher careMy. 

3. Observe die beadiv of die heart. Find out if a beadng frog heart means it is 
soil alive by removing die heart carefully and pbcing it in a beaker of nalt 

sdudon. . . , .j 

4. Identify die fdlowii^ oinns: lui^ liver, gall bladder, stomach, mmsdne, lad- 
n^ and ^gs (if present). 

5. Find out die lei^ die d^esdve system compared wMi die froffs body by 
d i wec di y it out completely. 

б. Trace die re^iratory system by Mowing air into die fn^s mondi with a straw. 
Observe die infladng of die lungs. 

7. What other observations would you like to make on die frog? Obtain materials 
and your teacher’s permisnon. 

Summary: 

I. How is die frog protected from its enemies? 

z. How is die frog adapted for life in die water? on land? 

3. Why is the frog’s tongue attached as it is? 

4. Why is the frog’s skin moist? 

5. What did you find out about die beating of a frog’s heart? Was the frog alive 
when you got it? 

6. What dseues did you observe in die dissected frog? 

7. Name 10 organs present in a frog. 

8. What did you learn about the digesdve system of a frog? 

9. Why do die frog’s lungs have so many blood vessels? 

10. Did you find out anything else about die frog? If so, what? 
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NUTRITION 



OUTCOMES Suggested Time AHotment: 11 Periods 

• All foods contain useful substances called nutrients. 

• The nutrients required by all living things (plants and animals) 
are carbohydrates, proteins, fats and oils, water, vitamins, and 
minerals. 

• Green plants synthesize the nutrients they need. 

• Anitnak ultimately depend upon green plants for their food. 

• Foods can be tested for their nutrient content. 

• Foods provide living things with energy and raw materials for 
growth and repair. 

• Carbohydrates and fats are good energy sources; proteins supply 
materiak for growth and repair of tissues. 

• Minerak and vitamins are required by living things to promote 
optimum health. 

• The energy value in foods is measured in the unit called the large 
calorie or kilocalorie or Calorie. 

• The human energy requirement varies with the age, weight, sex, 
occupation, and physical activity of the individual. 

• An adequate diet k one that includes the necessary nutrients in 
quantities sufficient to maintain good health. 



Suggested Lessons and Procedures 

' IS. uniAT usmn ocmkal sobsmucb do fooik contam? 

1 

a. Recall that food k a basic need of living things. Have the pupik dis- 
cuss the foods that are eaten by the organisms they have grown, by 
their household pets, and by famiiiar zoo animals. Compare the fore- 
going foods with those eaten by the pupik themselves during the past 
day or so. From the discussion should come the realization that: 
1 ) The diets of all living things are basically similar. 

2 ) Living things utilize a wide variety of foods. 
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b. Tell the pupils that, although animals eat a variety of foods, the dif- 
ferent foods are similar chemically in that they contain a few basic 
substances known as nutrients. Distribute copies of food diarts 
(obtainable from the Superintendent of Documents, Washin^on, 

D. C. or from the school Home Economics Department), and have 
the pupils find the names of the nutrients; s^ches, sugars, fats, 
proteins, water, minerals, and vitamins. Eiqilain that sugars an 
starches may be considered together as carbohydrates. 

c. To develop facility in the use of food charts, have the pupils study 
them and answer such questions as: 

• What foods are good sources of starch? j 

• Name some foods rich in sugar. 

• What proteid-rich foods come from animals? Plants? 

• What foods should not be eaten if a doctor recommends that fats 

be eliminated from the diet? | 

• What foods contain no water? | 

1 

• What foods are almost all water? j 

• Why is milk sometimes called the “perfect food?” 

• What nutrients does coffee contain? 

• What foods contain only one nutrient? 

d. Have the pupils summarize that: foods contain useful chemical sub- 
stances called nutrients; the nutrients are carbohydrates, fats, proteins, 
water, minerals, and vitamins; most foods contain more than one 
nutrient; some foods are rich in one or more nutrients; aU foods con- 
tain water. 

16. WHAT IS A rOOD TESH 

note: Prepare two sets of seven test tubes, wch one-third full of the 
different nutrients: starch suspension (boil com starch with water imtil it 
forms a stable cloudy suspension) ; 2 per cent glucose or dextrose solution; 
com or olive oil; water; 2 per cent peptone of beef broth suspension; 2 per 
cent table salt; and part of an ascorbic acid tablet dissolved in water. 
Lugol’s solution may he prepared by dissolving one gram of iodine crystals 
and two grams of potassium iodide in 300 ml. of water. 

a After a brief review of the nutrients present in foods, display one set 
of the prepared test tubes with labels identifying the name of the 



nutrient in each. In turn, add several drops of LugoI*s solution to 
each test tube. Call upon the pupils to observe that the color changes 
to blue-black only in the test tube containing the starch suspension. 

b. Conduct a discussion of the Implications of the demonstration. The 
pupils should understand that the color reaction forms the basis for 
the chemical test for starch and that: 

1 ) The test is speciHc for only the one nutrient. 

2) The tests made with the other nutrients were for comparison pur- 
poses and are called controls. 

3) Tincture of iodine may be substituted for LugoPs solution since 
the principal ingredient of both is the same. 

note: Emphasize that no foods which have been tested should be 
eaten because the chemicals added may be injurious. 

c. To show the applicability of a test to actual foods, have a pupil assist- 
ant test several foods, including bread and potatoes, with LugoPs 

I solution to find examples of foods which contain starch. 

I 

j d. In summary, have the pupils point out that a food test involves a 
color change that is specific for each nutrient. Verify this thesis by 
demonstrating the test for a simple sugar as follows: Add one-third 
of a test tube of Benedict*s solution to each of the second set of dif- 
ferent nutrients. Heat to boiling and have the pupils observe the 
presence of an orange or brick-red color in the test tube containing 
the glucose or dextrose but not in the others. Show that the test 
applies only to simple sugars not to disaccharides by testing t'lble 
sugar. 

note: The color changes from blue to green to yellow to orange 
and brick-red can serve as a rough approximation of increasing 
amounts of simple sugars. 

17. WHAT ARE THE TESTS FOR THE OTHER NUTRIEIITS? 

Note: Biuret solution may be prepared by adding 2.5 ml. of 3 per cent 
copper sulfate solution to 100 ml. of 10 per cent sodium or potassium 
hydroxide solution. Because Biuret deteriorates rapidly, the component 
solutions should be stored separately and mixed within 48 hours of use. 
Prepare indophenol as a 0.1 per cent solution by dissolving one gram of 
2,6-Dichlorophenol-indophenol in a liter of water. 

a. Briefly review the tests for starch and sugar. Demonstrate the test for 
minerals as follows: Heat a sample of food, such as bread or a dry 
dog biscuit in a crucible or evaporating dish over a Bunsen flame 
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until it turns to white ash, which represents the mineral content of 
the food. 

b. While awaiting the results of the mineral test, demonstrate the test 
for proteins. Add an equal amount of Biuret solution to a small 
amount of raw white or plain melted gelatin. Mix thoroughly. 
In the presence of protein, a violet or pink-violet color appears. 

c. Show the test for fats and oils by rubbing some butter or oil on un- 
glazed paper, such as a brown paper bag. In a positive test, a trans- 
lucent grease spot which does not evaporate will appear on the paper. 

I Heat the paper gendy over a lamp, hot plate or radiator to drive off 

j the water and to show that the fat spot will not evaporate. 

I d. Demonstrate the test for water by inserting some lettuce or celery 

1 into a dry test tube. Heat the tube gendy over a Bunsen flame. If 

1 water is present, droplets will appear on the cooler upper innde of the 

I tube where the water has condensed. This test may be made more 

j dramatic if an apparendy dry food sample such as a piece of toost^ 

I bread or a raisin is used. 

e. Demonstrate the test for vitamin C by placing about 1 inch of indo- 
phenol in a test tube and adding, drop-by-drop from a medicine 
dropper, a soludon of 1 per cent ascorbic acid. With each drop, shake 
well and observe the change from a blue color to a colorless state. 
(The intermediate pink color should be disr^arded.) 

; f. For the next laboratory period, ask the pupils to bring the class samples 

of foods from home. Include an onion. To prevent an excess of foods 
from appearing, each laboratory group should divide the responsi- 
bility for the variety of foods to be brought in. A list of suggestions 
may be placed on the chalkboard to avoid duplication. 

I 18. and 19. WHAT NUTMENTS CAN WE FIND IN COMMON FOODS? 

note: This laboratory lesson is intended to provide the pupil with 
practice in the skills of performing the food tests. It should also verify the 
presence of more than one nutrient in a food and offer some suiprises, 
I such as the fact that onions contain sugar. 

I It is suggested that a chart be drawn on the chalkboard to summarize the 

I results of the food tests. The period should be concluded with an examina- 

[ tion of the class results and a discusaon of the summarv questions. Where 

h results for a specific food test differ, reasons should be sought and a retest 

should be made. Suggestions for the improvement of procedures should 
emei^e from the discussion. 
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uuoMTomr wonaHOT #i3 

(May be dujJicated for distribution to the pupils.) 

Purpose: To find out which nutrients are present in some common foods. 

Materials: 

1. Foods from home 

2. Test tube rack with at least four test tubes 

3. Alcohol or other burner 

4. Dropper bottles of Lugol’s, Benedict’s and Biuret solutions 

5. Uni^azed paper (brown bag or paper towel will do) 

Before You Start: 

Recall the following food tests: 

I 1. Test for starch: Food with LugoTs solution turns black or blue. 

I 2. Test for simjile sugar: Food with Benedict’s solution is heated and turns green, 

I orange, or brick-red. 

I 3. Test for protein: Food with Biuret solution turns violet or pink. 

j 4. Test for fats and oils: Food rubbed on unglazed paper produces a translucent 

I grease ^t which does not disappear when heated gently. 

I 5. Test for water: Food in heated dry test tube forms droplets of water on the cold 
upper part of the tube. 

i 

Procedure: 

1. Find out what nutrients are present in all the foods you brought from home. 
Exclude the tests for minerals and vitamins: A laboratory lesson on viumins is 
scheduled (or a later date. 

2. Write your results in the table of observations below. Indicate the presence of a 
nutrient widi a plus sign and its absence with a zero. 



TABLE OF OBSERVATIONS 



Food 


Starch 


Sugar 


Protein 


Fats and Oils 


Water 











































































Summary: 

1. What did you conclude from this laboratory lesson? 

2. Did your tests for any food differ from those of other pupils? If so, why? 

3. What suggestions do you have for the improvement of the procedure in this 
laboratory lesson? 

4. Which food that you brought from home do you consider to be the most 
nutritious? Why? 

{Continued on next page,) 
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V 



§. Are the tests you made here sufficient to make a final judgment on the quality 
of foods? Explain. 

6. Which of your results surprised you? Why? 

7. Write a report of this laboratory lesson in your notebook. 



\ 
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20. HOW DO UVIII6 THINGS OiTAIN ENERGY? 

a. Introduce the topic of enex^ by asking, **Why do some athletes chew 
on chocolate bars before a contest?” The pupils should understand 
that food supplies living things with energy. Recall that food is needed 
for the life processes and discuss the effects of deprivation of food, 
such as sluggish motion and decreased heart and breathing rate. 
From the discussion lead the pupils to the realization that energy is 
required for the performance of the life processes. 

b. With tongs, hold a burning marshmallow aloft and ask the question, 
**How is energy obtained from food?” Develop the answer as follows: 

1) Demonstrate the presence of carbon in a marshmallow by the 
blackening effect of incomplete burning. 

2) Run the flame of the burning marshmallow over the chalkboard 
to show the formation of water. This is evidence of the presence 
of the element, hydrogen, as a constituent of the marshmallow. 

3) Invert a gas bottle over the burning marshmallow until the flame 
goes out and test with lime water to show the evolution of carbon 
dioxide. Use a fresh unbumed marshmallow and a second bottle 
as a control. 

4) Observe that energy in the form of light and heat are released 
in an exothermic reaction. 

5) Write the chemical equation for the reaction on the chalkboard 
and explain that since oxygen is consumed, oxidation of the 
food must have occurred to release the energy: 

C, O. + 60* > Energy + 6CO, + 6H*0 

c. Continuing this development, ask the questions, *Does oxidation of 
goods take place in living things to release the energy needed for the 
life processes?” Have the pupils recall and discuss such evidence as: 
living things require food and oxygen; some living things are warmer 
than their surroundings; it was shown in the chemistry unit that we 
give off carbon dioxide when we exhale; and it can be demonstrated 
^at breathing against the chalkboard causes it to become wet 

d. Introduce the concept that nutrients are capable of being oxidized. 
Bum a peanut or a butter candle and a cube of sugar dipped in 
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cigarette ash. Explain that carbohydrates and fats are our chief 
sources of energy but that proteins are also sources of energy. Hold a 
test tube with water over the burning food and ask, “How can we 
find out how much energy food contains?” The pupils should recall 
from the physics unit that heat energy was measured in calories by 
heating water in a calorimeter. They should realize that food energy 
can be determined similarly. Tell the pupils that human energy 
requirements vary with age, weight, sex, activity, and occupation. 
Junior high school boys require about 30 Cal. per pound of body 
weight; girls, about 23 Gal. 

note: The energy in foods is measured in large calories, or kilo- 
calories, (Cal.) which are defined as the amount of heat required to 
raise the temperature of 1000 grams (1 kilogram) of water, one 
degree centigrade. 



21. HOW CAN WE RND OUT IFPROTEMS 
ARE IMPORTANT FOR GROWTH? 

note: For the experiment on bacterial growth in this lesson, use 2 per 
cent solution of glucose or dextrose and peptone. Because turbidity is the 
measure of growth of the organisms, the cloudy starch suspension should 
be eliminated. It is iccormncnded that the lima bean culture grown by the 
pupils be the source of bacteria and that sterile precautions need not be 
observed. 

a. Recall that foods are oxidized by living things to provide the energy 
required to perform the life processes. Ask the pupils to suggest other 
uses of foods. Perhaps they may remember that growing children, as 
well as penons recovering from illness or injury, may cat a great 
deal — ^in^cations of the possible use of food in promoting growth 
and the repair of tissue. 

b. Exhibit fresh samples of pictures of liver, heart, kidney, meat or 
poultry and raise tbe question, “What nutrients do these foods contain 
that enables them to be used for growth and repair of living things?” 
The pupils should understand that these foods are parts of living 
things and contain chemical elements or subtances required for 
growth and repair. 

c. To study the chemical composition of the foods discussed in (a), heat 
a sample and show by the charring that it contains carbon. If water 
is driven off by heat and condensed on a cool glass plate, the presence 
of hydrogen and oxygen may be demonstrated. From the conspicuous 

25 






odor, characteristically different from that of burning carbohydrates 
or fats, have the pupils realize that other elements must be present 
also. Tell the pupils that similar observations may be made when 
using pure proteins. In fact, the foregoing foods are rich sources of 
proteins. Explain the following statements: 

1) Carbohydrates consist of the elements carbon, oxygen, and hydro- 
gen alone, whereas proteins contain additional elements including 
nitrogen, sulfur, and phosphorus. 

2) The elements in proteins form compounds called amino acids. 

3) There are about 23 different amino acids which arc arranged in 
long chains to form proteins. 

4) The principal complex material in living tissue is protein. 

d. Conclude with a discussion of the following question, “How can we 
use the materials and living things with whiA we worked to show 
that proteins promote growth?” Lead the pupils to suggest trying 
to grow bacteria in test tubes containing the different nutrients. Intro- 
duce the required materials which were previously prepared and 
have the pupils suggest a deagn for the experiment, perhaps as 
follows: 

1) Inoculate each test tube of the pure nutrients with about three 
drops of the bacterial suspension of the lima bean culture. 

2) Mix equal quantities of peptone and sugar solution. Inoculate 
with bacteria as above. 

3) Plug each tube with cotton, making certain that each tube is 
properly labelled. 

4) Place each tube in an incubator or other dark, warm place for 
24 to 48 hours. 

5) Have the pupils discuss possible results, keeping in mind that 
the degree of turbidity is a measure of the amount of growth. 

6) Demonstrate that the greatest growth occurs in the test tubes 
containing protein and sugar. 

22. HOW ARE MINERAIS USED BY UVIII6 THINGS? 

a. Challenge the pupils by asking, “What is an ‘Atomc CocktaU’?” Some 
pupils may know that it is a radioiodine solution employed in the 
detection and treatment of thyroid conditions. Continue the discussion 
of mineral radioisotopes. Radioiron is injected into the bloodstream 
for treatment of cancer of the red blood cells and radiophosphorus 
is a diagnostic tool in the detection of brain tumors. 
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b. Recall the test for minerals wherein a food is heated until an ash 
remsuns. Demonstrate that there are other tests for speciHc minerals, 
as follows: 

1) With a wire loop, heat some sodium chloride crystals in a Bunsen 
flame. A ydlow-colored flame indicates the presence of the sodium 
ion. 

2) To a solution of sodium chloride add several drops of silver 
nitrate solution. The presence of the chloride ion is shown by 
the formation of a white precipitate which is insoluble in dilute 
nitric acid. 

c. Exhibit pictures of plants and animals with specific mineral deficiencies. 

d. Duplicate and distribute a table of minerals, such as that below. Have 
the pupils formulate and ask questions of one another based upon 
the table. Start the session yourself with some of the following 
questions: 

1 ) Which minerals were included in your diet today? 

2) A doctor finds a patient to be anemic. What two foods might he 
prescribe? 

3) What two minerals build strong teeth? 

4) What pure mineral food found in the home is enriched with 
another mineral? 

5) If a doctor injected radio-sulfur into the blood, where might it 
later appear in large amotmts in the body? 

6) Name one food that might help the blood to clot 



Mineral Symbol Sources Valve to the Body 



Calcium 


a 


Milk, Cheese, Green Vege- 
tables, Cereals, Gtrus Fruits 


Helps to build strong bones 
and teeth and blood to dot 


Phosphorus 


p 


Meats, Milk, Cheese, Cereals, 
Poultry, Seafood, Eggs 


Builds strong teeth and 
bones and a healthy nervous 
system 


Iron 


Fe 


Liver, Red ^ Meat, Eggs, 
Spinach, Fruits and Vege- 
tables, Cereals 


Builds red blood cells. Pre- 
vents smne forms of anemia 


Sulfur 


S 


Meats, Poultry, Fish, Egg 
Yolk, Peas and Beans 


For building healthy sldn, 
hair and nails 


Iodine 


I 


Seafood, Vegetables, Iodized 
Salt 


Hdps control the rate of 
the use of energy. Needed 
for a healthy thyroid gland 
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c. Notify all pupils to bring samples of fruit juices to class for testing 
during the next laboratory period. Also, for the next recitation period, 
assign selected students to report on the work with vitamins of Dr. 
James Lind, Dr. Christian Eijkmann, and Dr. Joseph Goldberger. 

23. ml 24. WNKH JUKI CNITAMS TK MOST VITAMM C? 

note: This laboratory exercise is a problem-solving experience which 
all the pujnls should enjoy. Since the test for vitamin C has already been 
demonstrated, the teacher need merely review it, stressing the fact that 
indophenol should be placed into the test tube first and then the material 
to be tested should be added drop-by-drop, with constant shaking, until 
the color changes from blue to colorless. The intermediate jrink color may 
be disregarded. 

From this lesson the pujMls are expected to determine: 

a. The fact that the amount of vitamin C in a food is inversely propor- 
tional to the number of drops required to decolorize the indophenol; 

i.e., the fewer the drops necessary, the more the vitamin C content. 

b. The need for a control by keeping the original amount of indophenol 
placed in the test tubes constant for all the juices. This may be done 
sqrproximately by adding the same nuniber of drops to each tube, 
possibly ten drops of indophenol. 

c. The fact that several juices may decolorize the indophenol with the 
same number of drops. This may be resolved by similarly diluting or 
reducing the concentrations of the juices involved. For example, each 
juice may be diluted to half strength by adding an equal amount of 
water and stirring. 

d. The fact that the amount of vitamin C in different juices varies and 
that it can be reduced materially by the addition of Incarbonate of 
soda, as is sometimes done in cooking. 



UBORATORY WORKSHEET #14 

(May be duplicated for distribution to the pupils) 

Purpose: To compare the vitamin C content of different juices. 

Materials: 

1. Fruit juices from home (if concentrated, dilute according to directions on the 
container) 

2. Dropper botdes of o.i per cent: indophentd 

3. Test tube rack with at least four test tubes 

4. Dropper bottle of bicarbonate of soda solution 
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5. Medicine dropper 

Procedure: With your laboratory team, plan experiments to solve each of the follow- 
ing problems: 

1. Compare all the fruit juices you brought from home to find the one that has the 
greatest vitamin C content. sure to control the amount of indophenol you use 
so that you can make the comparison. 

2. Prepare a table of juices arranpng them in order from the hq^est to the lowest 
Quantity of vitamin C. If two or more juices test the same, devise a method for 
toding out if there b any actual difference. 

3. Find out whether the addition of bicarbonate of soda to juices will affect their 
vitamin C content. 

Summary: 

1. What conclusions can yon draw from this laboratoiy lesson? 

2. How did you control your e^^riments so that yon were able to compare die 
tntamin C content of each of me juices? 

3. When two or more juices decolorized die indophenol widi the same number of 
drops, how did you find out if diere was any actual difference in vitamin C 
content? 

4. What related experiments would you like to tty? 

5. Write a report of dib laboratory lesson in your notebodc. 



25. WHAT FOODS WtL GIVE US ALL THE ESSBITIAL YITAIIIIMS? 

a. Tell the story of the famous experiment of Dr. Frederick Hopkins, who 
in 1906 selected a laige number of healthy rats, recorded their weights 
and then fed them five pure nutrients: carbohydrate^ protdns, fats, 
minerals and water. Within a short time, the rats shaped growing, 
slowly lost wdght and then died. Ask the pupils what this experiment 
showed. Elicit the following: 

1) The foods ordinarily eaten by the rats contained materials that 
the five pure nutrients did not apparently supply. 

2) The misring materials seem to be necessary for life. 

3) The missing nutrient is one or more vitamins. Point out that 
vita means life. 

b. Call on the selected pupUs to report on the stories of the vitamins: 

1) Why the British sailors are called “Limeys.** 

2) How Dr. land first prevented scurvy. 

3) The work of Dr. Goldberger with pellagra. 

4) How Or. Eijkmann and his chickens found the cure for beri-beri. 

c. Using food and nutrient charts, have the pupils discover and discuss 
the major food sources and value to the body of Vitamin A, Thiamin 
(Vitamin B) , Niacin, Ascorbic Acid and Vitamin D. 



d. Stress that vitamins are credited with the prevention <rf deficiency 
diseases. They also play an important role in the functionii^ of the 
body. For example, Vitamin D enables the body to absorb and use 
calcium and phoshorus. 

e. Dispky a chart of the four bamc food groups, featuring d^ products, 

meat and poultry, fruits and vegetables, and whole grain br^d and 
cereals. Show that all the essential nutrients and vitamins are included 
widiin the four groups. Have the pupils realize that an adequate 
diet siqpplks: 

1) A sufficient number of Cabries to meet the energy requirement 
of the body 

2) A variety of foods which contain all the essential nutrients indud- 
ir^ vitanuns and minerals 

3) Bulk and roug^iage for satisfyir^ hunger and for die proper 
elimination d solid wastes 



MW N MON PUmS SYNIMSIIE WntBITST 

The following laboratory lesson is designed to give students an opportunity 
to suggest as well as to test a variety of hypotheses. Both these sl^ fire- 
quendy play a agnificant role in scientific inquiry. Furdicnnore, this lesson 
should enable the students to effectively incorporate some of the qualitative 
tests which they have previously used to solve a science problem. 
The teacher vwill probably find it helpful to motivate this lesson, prior to 
the lab lesson or on the preceding day, by a short discussion to develop the 
understanding that green plants are the bade source of all our food mate* 
riatc- Any representotive "Food Chain” might be chosen to illustrate this 

principle. 

The students should thus be prepared to reqxind to the question,^ “How 
ate green plants able to make their food?” The students usually will find 
it necessary to break down this general problem into a scries of specific 
sub-problems such as: 

"What kind(s) of nutrients does the green plant synthesiac and 
store?” 

“What substances does a green plant utilize in making foods (nu- 
trients) ?” 

The students should be encouraged to suggest and evaluate hypotheses 
for the various sub-problems. Among the logical hypotheses which might 
be su^csted are: 

“The green plant uses water to help it make food.” 
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**Tlie green plant uses air (IVhat part?) to help it make food.** 
**The green plant must have sunlight in order to make food.** 
**Only the green parts of the plant can make food,** 

**The roots absorb the water as well as other essential materials.** 

note: The diversity of potential hypotheses will necessitate ibt investiga- 
tk>n of these different hypotheses by different laboratory teams. 

In order to discriminate between the ability of green and non-green parts 
of the plant to synthenze nutrients (starch and sugar) the ^ver-I^ed 
geranium plants should be exposed to direct sunli^t (or a photoflood 
lamp) for several hours prior to the laboratory meeting. 

The geranium plant to be used by the laboratory team which is investi- 
gating the role of lig^t in food manufacture, should be kept in the dark 
for at least 24 hours bef<»re exponng its partially masked leaf to sunlight 
or a photoflood lamp. 

Cautioni The alcohol which is needed to remove the chlorophyll from 
tiie leaves should be heated on a hot plate or with a water bath at the 
teachei^s laboratory table. This procedure takes place after the leaves have 
been bmled in water to break down the cell walls. 

Matemdsi 

1. diver-leafed geranium plants or green and white coleus plants 

2. hot water bath or hot plate 

3. forceps 

4. alcohol 

5. petti dishes 

6. iodine or Lugol*s solution 

7. black paper or aluminum foil for masking leaf sections 

8. limewater 
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SUGGESTED REVIEW QUESTIONS 

The questions that follow are not intended as a diagnostic tool or compre- 
hensive measure of the outcomes of the unit. They may serve the teacher 
for review purposes, as a source of questions for a unit examination, or in 
any way deemed desirable. 



Parti 

1. Non-living things differ from living things because non-living things 
are not: 

a. made of smaller units d. made of solids, liquids and gases 

b. able to adjust to stimuli e. affected by heat 

c. made of various chemicals 

2. Bread molds grow best on foods: 

a. in a warm, moist, dark place 

b. in an open jar 

c. in water 

3. To provide energy, a nutrient must combine with: 

a. water c. carbon dioxide e. vitamins 

b. minerals d. oxygen 

4. The difference between a simple and a compound microscope is that 
the compound microscope has: 

a. a barrel d. adjustment for focuting 

b. a reflecting mirror e. two or more lenses 

c. adjustment for light 

5. The microscq>e objective is: 

a. close to the eye 

b. the part that holds a slide 

c. the part that Hnely adjusts the slide 

d. the lens that is fiurther from the eye 

e. the barrel 

6. A microscope has lOX and 43X objectives and a lOX ocular. The 
highest magnification possible is: 

a. 43 b. 53 c. 63 d. 430 e. 4300 



d. during the vrinter 

e. in a refrigerator 



I 
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7. All living things you observed under the microscope had : 

a. green-colored bodies d. organs for locomotion 

b. round cells c. organs for excretion 

c. cell membranes 

8. From your study with the microscope, you can conclude that all 
living things: 

a. are made of different materials 

b. are made of cells 

c. show no resemblance to each other 

d. do not have to perform the same tasks to stay alive 

e. live in the same surroundings 

9. Most foods contain: 

a. one nutrient 

b. all the nutrients 

c. at least four nutrients 

10. Milk helps growing boys and girls because: 

a. it is our only source of iron 

b. it is easily purchased 
cT it contains all the nutrients 

d. it is our best source of vitamin B complex 

e. it can be quickly consumed 

1 1. Overweight pupils should reduce their weight by: 

a. omitting sugar from thdr diet 

b. avoiding cholesterol 

c. eating meat twice daily 

d. following a physician’s advice 

e. unng diets found in newq>apers 

12. The nutrient present in smallest amounts in foods is : 

a. carbohydrates c. proteins e. vitamins 

b. fats d. water 

13. Lugol’s solution is used to test for: 

a. starch c. protein e. fats 

b. sugar d. minerals 



d. all the vitamins and the nutrients 

e. more than one nutrient 
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14. A nutrient that contains only the three chemical elements carbon, 
oxygen and hydrogen— is: 

a. protein c. amino-acids e. water 

b. sugar d. mineral 

15. The nutrient which can be found in a relatively short time without 
the use of a test chemical or test animal is: 

a. mineral c. sugar c. vitamin C 

b. starch d. protein 

16. A good supply of vitamin C is present in: 

a. bread c. beef c. tomatoes 

b. dry cereals d. chicken 

17. A good source of protein is: 

a. apples c. beans c* spinach 

b. lettuce d. oranges 

18. In selecting your food for a day, it is desirable to: 

a. prepare for one good meal such as supper or dinner 

b. try to balance each meal 

c. have a light breakfast or none 

d. skip lunch and have a 3 o* clock snack 

e. have some meat or other protein food at each meal 

19. Coffee should be avoided by junior high school boys and girls because: 

a. hot drinks are hard to digest 

b. it is more expensive than nulk 

c. it is an adult drink only 

d. it has little food value and contains unneeded stimulants 

e. it tends to limit growth of teenagers 

20. Which of the following has the highest fuel value per ounce? 

a. water c. carbohydrates e. fats 

b. minerals d. proteins 

21. A superior source of calcium for our diets is: 

a. broiled liver c. seafoods c. hard boiled eggs 

b. sirloin steak d. cottage cheese 



34 



22. The substance needed in largest quantity as a growth-promoting 
material is: 

a. protein c. iron e. phosphorous 

b. fat d. calcium 



23. The energy value of foods is measured in : 

a. grams Calories 

b. degrees Centigrade d. meters 



c. degrees Fahrenheit 



24. A valuable source of dietar/ iodine is: 

a. seafood c. cereals c. beet sugar 

b. salt d. cane sugar 



25. Which of the following vitamins is stored if taken in excess? 

a. A b. Bi c. C d. Niacin c. B complex 

26. Which of the following represents the probable caloric need per day 
for a one hundred pound thirtcfn year old boy? 

a. 1800 d. 3800 c. 3000 b. 2500 c. 4500 



27. A good source of nutritional iron is: 

a. peanuts c. butter c. margarine 

b. liver d. lettuce 

28. A mineral ash was heated in a bunsen flame. It caused the flame to 
become yellow. The ash probably contained: 

a. silver c. sodium c* chlonne 

b. potassium d. mercury 

29. The vitamin most difficult to supply from natural food sources is 
vitamin: 

a. A b. Bi c. C d. D c. Niacin 

30. Of the following, the best source of vitamin A is: 

a. chicken c. lima beans c. strawberries 

b. eggs d. steak 
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3 1 . Cells without nuclei are : 

a. striated muscle cells d. smooth muscle ceUs 

b. cardiac muscle cells e. red blood corpuscles 

c. white blood corpuscles 

32. The scientist who first saw the cells in cork was: 

a. Brown c. Schleiden e. Leeuwenhoeck 

b. Hooke d. Schwann 

33. The living material present in a cell outside of the nucleus is the: 

a. nucleoplasm c. nuclear membrane c. cell wall 

b. cell membrane d. cytoplasm 

34. One difference between an animal cell and any plant cell is the: 

a. cell wall c. nuclear membrane e. nucleus 

b. cytoplasm d. cell membrane 

35. The green pigment in a green plant cell is found in bodies called: 

c. centrosomes a. nuclei e. genes 

d. chromosomes b. chloroplasts 

i 

i 

I 

36. Factors carrying the heredity of a cell are found in the : I 

a. cell wall c. centrosome e. cell membrane 

b. cytoplasm d. nucleus 

37. Digested foods and oxygen enter a cell through the: 

a. nucleus c. chloroplasts e. cytoplasm 

b. cell membrane d. nuclear membrane 

38. The process by which green plant cells manufacture carbohydrates 
from water and GO] is: 

a. diffusion c. photosynthesis e. absorption 

b. osmosis d. digestion 

39. The openings in the underside of a leaf arc called : 

a. guard cells c. air spaces e. stomates 

b. pores d. breathing spaces 
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40. Root hairs help in the absorption of : 

a. proteins c. carbohydrates e. fats and oils 

b. minerals and H 2 O d. vitamins 

41. The nutrients which cannot be synthesized by green plant cells are: 

a. fats and oils c. carbohydrates e. proteins 

b. vitannins d. minerals 

42. Energy is released in cells through a chemical called : 

a. ATP b. RNA c. ADP d. CNS e. DNA 

43. Microsomes direct the manufacture of protdns for growth and repair 
by means of a compound called: 

a. ATP b. RNA c. ADP d. C3NS c. DNA 

44. Genes in the chromosomes determine reproduction and heredity by 
means of a chemical called: 

a. ATP b. RNA c. ADP d. CNS e. DNA 

45. A group of similar cells performing the same function is an: 

c. living thing a. organ e. organ system 

d. tissue b. organism 

46. The main supporting tissues in our body are bone and: 

a. nerve d. muscle c. cartilage 

b. epithelial e. white elastic 

47. A tissue adapts for carrying messages is: 

a. nerve c. cartilage e. white elastic 

b. epithelial d. muscle 

48. A test made for the purpose of comparison is called a (n) : 

a. experiment d. enzyme c. control 

b. chemical change e. physical change 
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49. To test for the presence of protein we use : 

a. Benedict’s solution d. silver nitrate 

b. Biuret solution e. hydrochloric acid 

c. Lugol’s solution 

50. Tissue adapted for movement is : 

a. nerve c. cartilage e. white elastic 

b. epithelial d. muscle 

Part II 

51. Tincture of iodine drops fell on a boy’s shirt. The shirt turned blue- 
black because: 

a. tincture of iodine contains alcohol 

b. the shirt had starch in it 

c. the cotton fibers in a shirt are mostly cellulose 

d. the laundry had scorched the shirt 

e. cotton, though a tough durable fiber, corrodes easily 

52. Five foods were tested for simple sugar and none was found. Each 
food was then retested for sugar after it had been mixed with saliva 
for several minutes. Two now showed positive reactions because: 

a. proteins are very complex compounds 

b. fats, like carbohydrates, are composed of carbon, hydrogen, and 
oxygen 

c. fats, like carbohydrates are important encigy sources 

d. enzymes are present in digestive juices 

e. carbohydrates were in some of the foods 

53. A student tested bread for sugar, starch, protein, and fat. All of the 
tests were positive. He was probably: 

a. right 

b. mistaken on several of the tests 

c. mistaken on most of the tests 

d. mistaken except for starch 

e. mistaken except for sugar and starch 

54. A food put into a test tube and then heated turned yellow and then 
black. This proves: 

a. starch is present d. more than one nutrient is present 

b. nothing e. sugar is present 

c. starch and sugar are present 
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55. Food from the market had made a translucent spot on the bag in 
which it was carried. This shows the food probably contained; 

a. fat b. water c. water or fat 

d. a substance which further tests would prove to be fat 

e. a substance which further tests would prove to be water 

56. A student testing for the presence of water heated spinach in a test 
tube until it charred (browned) slightly. His technique was: 

a. good b. poor but acceptable 

c. unacceptable because he used up excessive amounts of heat 

d. unacceptable because oxidation produces water 

e. imacceptable because evaporation was too rapid 

57. Which of the following statements is true about cork seen by Robert 
Hooke? 

a. the structures could not be seen well with his poor microscope. 

b. the structures seen were not cells. 

c. the tissue showed cytoplasm clearly. 

d. nuclei were found only in the larger cells. 

e. most of the cells had nuclei. 

58. Which of the following is true? 

a. all cells have a single nucleus. 

b. all cells are microscopic. 

c. all living things are made of one or more cells. 

d. all cells contain protoplasm. 

e. all cells have a cell wall. 

59. The statement of the cell theory is usually credited to: 

a. Hooke 

b. Leeuwenhoeck 

c. Brown 

d. Hooke and Leeuwenhoeck 

e. Schleiden and Schwann 

60. The easiest way to show a stomate under the microscope is to use the: 

a. lower epidermis of a begonia leaf 

b. outer skin of a section of mature onion bulb 

c. long section of an onion stem 

d. cross section of a young root 
c. cross section of a celery stalk 
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THE IMPORTANCE OF FOSSILS 



OUTCOMES Suggested Time Allotment: 6 Periods 

• A fossil is the remains of an organism or the product of its activity 
preserved in rocks. 

• Fossils provide information and material of value to science and 
industry. 

• Fuels are the partially decomposed and carbonized remains of 
former organisms — usually plants. 

• The absolute age of fossils or of a geologic ftMination may be esti- 

I mated by the determination of decay rates of radioactive minerals. 

I • Fossils indicate that there appears to be a progression oi life in time 
coincident with great crustal changes. 

1 • The geologic histtHy the earth can be classified into time divisions. 

I 

note: From the previous uni^ The Materials of life, and from the study 
of Curriculum Bulletin #7, 1958>59 Series, Earth and Its Resources, pupils 
I should know enough about ecology to realize that the life cycle is closely 
j related to r.banging conditions in the environment Thus, it should come as 
1 no surprise that evidences of organisms in various sU^ of their develop* 
! ment have been preserved within the changing crust of the earth and that 
the study of these remains is of importance. 



Suggested Lessons and Proceduies 



I. now was rassns fomkd? 

a. Distribute fossil specimens and low-power magnifying glasses. Speci- 
mens should include examples land and marine fossils such as: 



• Foraminifera and/or Diatenns 

• Dinosaur bones (fragments) 

• Dinosaur eggs (fragments) 

• Petrified wood 

• Insects in amber 

• Brachiopod (lamp) shells 

• Bryozoa 



• Fusulina 

• Fissispongia 

• Lignitized wood 

• Fossil fera leaf 

• Fossil shark teeth 

• Coal 

• Trilobites 



O 
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Each pupil is to describe and/or draw details of one fossil in each 
of the four categories, as follows: 

1) land-type animals 2) land-type plant 

3) marine-type animal 4) marine-type plant 

b. Have selected pupils reptnrt briefly on and show models ex* photo- 
graphs of : 

• Prehistoric animals and plants 

• Animal evolution in past geologic eras 

• The sequence of events in the formation and discovery of a fossil 

• Typical envirmunents of ancient times such as the Jurassic and 
Cretaceous periods or the Ice Age. 

c. Lead the pupils to ask and answer such questions as: 

1) What and how did these prehistoric animals cat? 

2) When and where did they live? 

3) What was the climate when they lived? 

4) Why did they die out? 

note: Possibly the result of great climatic and crustal changes. 

5) How do we know that they actually lived? 

d. Have the pupils arrive at*the idea that there arc three different types 
oi fossil remains: 

1) Actual or unaltered remains, as the sheik of mollusks or the 
bones of dinosaurs. 

2) Altered or petrified remains: petrified wood. 

3) Indications of former presence: molds, casts, prints, and artifacts. 

c. Have the pupik discuss the question, “Why are some fossils so rare 
in view of the probability that millions of such organisms have 
existed on earth?’* 

note: Most organisms decay when they die. 

• The soft parts decay or dissolve first, the hard parts, bones and 
sheik, later. 

• After some time nothing usually remains of the organism. 

• Since decay prevents fossilization, fossik may be formed only if 
decay of hard parts is prevented by quick burial in fine-grained 
materiak. 

f. Have the pupik recall from their experiments with the hmne-grown 
organisms in the Biology Unit that bacteria cause decay and to evolve 
the idea that by depriving bacteria of air, food, water or proper 
temperature, decay may be prevented and fossils famed. For wooly 
mammoths in ice, insects in amber, and animal remains in the La 
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Brea Tar Pits, have the pupik explain which bacterial need or needs 
were not met to produce the fossils we have found. 

g. Perform the following demonstration: To a graduate half full of 
water add sand, soil, and small sea shells. Mix and allow it to stand 
until the mixture settles. Have the pupils explain a possible location 
of the shells and what would happen to them after a long interval 
of time. Lead the pupils to understand that: 

1) The shells have settled and are in the layers of sediments. 

2) The sediments above squeeze out most of the air and water 
from the layers below, so that decay is slow and takes a very 
long time. 

3) All or part of the organism may decay leaving bones, shells, 
imprints, casts or molds. 

4) Sometimes, as parts decay, they are replaced by some mineral 
such an iron oxide, iron pyrites, silica, carbon to become 
petrified. 

5) Insects may be preserved in hardened resin of pine trees. 

h. Develop a definition of a fossil as the preserved remains of an organ- 
ism or the product of its activity. 

i. Assign readings in one of the following: Handbook of Paleontology 
for Beginners and Amateurs, Part /, The FossUs, by Dr. Winifred 
Goldring, New York State Museum, Albany, N. Y., 1950, pp. 367; 
Cornett Science Leaflet, Vol. 52, No. 2, Fall, 1958; The Old Forest 
and the Naples Tree, by Janet Stone, Educational Leaflet No. 14, 
N. Y. State Museum and Science Service, Albany, 1963, pp. 24. 
(See pp. 20-22 for directiems for optional activities — “How to 
Make ‘Fossil’ Casts” and “How to Make a ‘Fossil’ Impression.” 

2. «ki 3. MKItOSCOnC STUDY OF DIA 1 OMACE 0 US iARTH 



LABORATORY WORKSHECT #15 

(May be duplicated and distributed to the pupils.) 



Purpose: To study a useful fossil 
Materiris: 

Small vial of calcined 

diatomaceous earth (Ck:lite) 
Dropping botde of 
castor oil or water 
Microscope slide glass 
Cover glass 
Lens paper 

Procedure: 

I. Prepare the microscope for use. 



Toothpicks 

Prepared slide of diatoms 

Microscope 

Samples of toothpaste, 

silver polish, and scouring powders 
Watch glass 
Piece of tarnished silver 
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2. Examine the prepared slide of diatoms. Draw several examples of different types. 
Estimate how many there are of each type shown on the aide. 

3» With a toothpick, put a drop of castor oil on a slide blank. Mix into it a tiny 
amount of diatomaceous earth. Study the mixture under Ae low (xioo) and 
then under the high (X440) power lenses. Draw 4-5 typical specimens. 

4. Using a clean slide, prepare mecimens of toothpaste and other types of household 
cleaners for viewing under the microscope. Illustrate types of <mtoms dut may 
be seen. Gunpare these findings vwth the previous ooservaricms. Describe in 
your own words what the characteristics of diatoms are. 

5» Put a small amount of the powder into a watch glass. Add water, noting how 
much is needed to form a paste. Now apply some of the paste with a small square 
of cloth or piece of lens paper to a tarnished piece of silverware. Note the 
cleaning power of the earth and whether or not it scratches Ae surface of the 
metal. If desired, the metal surface may be examined under the microscope be> 
fore and after Ae cleaning to detect scratches. 

6 . Summarize in your own words, Ae conclusions you have reached as a result of 
your observations. 

7. hivest^te in the library and make a list of oAer uses of diatomaceous earA. 



4. WHY AK 6AS, PSIMNCOM, AND COAl CAUB> FOSSn Fuas? 

a. Have the pupils discuss where fossil fuels are found: 

• Oil is usually found in permeable porous layers of sedimentary 
rock like sandstone (open anticlines, not tight anticlines). 

• Natural gas is often associated with oil and occurs above it since 
it is less dense than oil. 

• Show pictures to indicate that bituminous coal is likewise found 
in Ae strata of sedimentary rock. 

b. Have the pupils note that fossils are found imder similar circum- 
stances and lead Aem to hypothenze that the fossil fuels may be 

Ae remains of partially decayed organisms. 

c. Raise Ae question of what evidence exists that Aese fuels are fossil 

remains: 

• Show pictures of plant imprints in coal 

• Explain that sea water and sea organisms are often present in oil 
pockets. (Some geologists believe in Ae Aeory of inorganic origin 
of oil as opposed to Ae organic Aeory.) 

• All Ae fuels contain carbon, an essential element in living things. 

d. Have Ae pupils discuss how coal was formed: 

• In Ae Carboniferous Period large areas of Ae earA were low, 
moist and warm. 

• Great swampy forests of giant ferns and scale trees (Sigillaiia) 
existed. 
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• The land sank gradually. 

• The sinking allowed great thicknesses of plant debris to accumu- 
late in swamp waters without filling the swamps. 

• Eventually, sinking got ahead of filling and the plants were 
drowned. 

• Eventually, the remains were buried under great deposits of sedi- 
ment hundreds of feet thick and partially preserved. 

e. Lead the pupils to ask and answer such questions as: 

• What does the presence of coal in the Antarctic tell us about the 
former climate there? 

• What is the difference between bituminous and anthracite coal? 
note: Anthracite, much purer carbon, is formed from bituminous 
by metamorphic action. 

• What is peat? 

note: Plants partially decaying in swamps form peat. 

• How is oil or petroleum formed? 

note: Probably from single plants and animals. (See page 4, 
item 4c, regarding theory of inorganic origin of oil.) 

• How can fossils be used to locate oil deposits? 



5. HOW CAN WE TEU THE AGE OF FOSSILS AND ROaS? 

a. Motivate the lesson by pointing out that there are cycles or rhythms 
in various biological processes such as: aging, the metamorphosis of 
insects, and the seasonal growth of plants. Illustrate this with a 
3" diameter (or larger) tree trunk which has been sawed into sec- 
tions and made smooth so that the rings of seasonal growth are 
clearly visible. These .should be counted after the class has had an 
opportunity to guess the age of the tree. 

b. Turn to the problem of dating fossils in sedimentary rock by review- 
ing the process of sedimentation to note its regularity and predict- 
ability in the order of laying down of sediments in water: the 
coaner and heavier sediments fall first. Illustrate this order as 
follows: 



Shale 



^ • o - . f\ .a. i M- •• • • •. cf : \n - 



— Sandstone 
Conglomerate 
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c. Lead the pupils to ask and answer pertinent questions: 

• Which layer (illustration, page 5) is the youngest? Oldest? 

• If an igneous intrusion were forced between the sandstone and 
the con^omerat^ what would its age be compared to the sedi- 
mentary rocks? 

• How fast are sediments laid down? 

note: It varies greatly from r^on to r^cm and from time to 
time. However, rates have been determined for specific areas. 

• What can we tell about the approxiinate age of fossils in sedimen- 
tary rock? 

note: We can tell relative age, and where sedimentation rates arc 
knovm, estimated absdute age. 

• How can fossils be used to determine the relative age of it)cks? 
note: They are called index fonils, or guide fossils, and identify 
the relative geologic age of rocks. 

• Environmental fossils indicate the climatic ccmdititms of the times. 

d. Demmstrate a Geiger counter and take a count for one minute of a 
radioactive substance, such as a radium dial of a wrist watch. Point 
out that the time it takes for the cormt to be reduced to one half 
the amount is called the half-life. For Carbon 14, the half-life is 
about 5,000 years: for Uranium 238 it is about billion years. 
Lead the pupils to the realization that by comparing the count of 
the original substance with that of the fossil, we can tdl the age of 
the fossil. 

e. Have the pupik discuss Carbon 14 (radioactive) dating to under- 
stand that: 

• Nitrogen of the air is changed by cosmic rays to C14, which is 
combined with oxygen and taken in by plants as carbon dioxide. 

• By comparing the count of a fossil plant with the same type of 
living plan^ we can determine the age of the fossil plant 
note: As soon as a plant dies its C14 begins to decrease. 

• If the fossil count is Vi that of the living plant, the former is 5,000 
yearn old. If it is 54 the count, the fossil is 10,000 years old, etc. 

• This method is reliable for about 10 half-lives or up to about 
50,000 years. 

f. Point out that for fossils or rock layers more than 50,000 years old 
uranium dating is used and that by this method it was determined 
that the earth is about 5 billion years old. Have the pupils calculate 
that about one half-life of uranium must have pass^ since the 
beginning of the earth. 



note: Uranium deposits have decayed to lead. About one half the 
original amount uranium remains. 

g. Some suggested practice problems in dating follows: 

1 ) Which layer is the younger, X or Y? 




2) A wooden idol has a count of 250 cpm (counts per minute) 
while a similar piece o( fresh wood reads 1,000 cpm. How <dd 
is the idol? Answer: 10,000 years old. 

3) What is the half-life of a substance whose Geiger counter read- 
ings are as follows: Monday, 400 cpm; Tuesday, 300 cpm; 
Wednesday, 200 cpm; Thursday, 150 cpm; Friday, 100 cpm. 
Answer: 2 days. 

L WHAT DO FOSSILS REVEAL TO US 
ABOUT PREMSTORK DIVIRONMBIT? 

a. Have a pupil report <m the geologic features of the Grand Canyon. 
Have the assigned pupil report on the Grand Canyon specifying its 
depth, erosion by the Colorado River and exposure of sedimentary 
layers which cmitain many fossils. (Indicates envirmunental and 
climatic conditions.) 

b. Show pictures, slides, transparencies of the Grand Canyon to 
illustrate ^e features above. 

c. Display or distribute charts of the geologic eras to develop a 
simple table of the crustal changes and the development d life. 
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ERA 


DURATION 
IN YEARS 


CHARACTERISTIC 

LIFE 


CRUSTAL 

EVENTS 


Cenozoic 


6o million 


Age of manunals and 
aowering phms. 

Man appears. 


Mountain-bunding in 
Asia and Europe. 
Glacial age. 


Mesozoic 


125 million 


Age of dinosaun and 
ferns and ctmifers. 


Mountain-buOdii^ in 
Western VS. 

(Great invasion of the 
sea) 


Paleozoic 


335 million 


Sea life, firsc appear- 
ance of land animals. 


Mountain-building in 
east U.S., continents 
riting and sinking 


Proterozoic 


1.2 billion 


Smple worms, ^xmges 


Volcanic action 
Mountain-bunding 


Archeozoic 


2.5 billion 


Simple marine organ- 
isms. No life on land. 


Great vticanic activhy 



note: Do not requite rote memorizaticm of the chart 



d. From the table have the pupik generalize: 

• The probable age €& the earth is more than billicm years. 

• There appears to be a progresdon in time of life fnnn simple to 
comjdex organisms. 

• Early life existed only in the sea. 

• Changes in types cxrganisms in any era coindde with great 
crustal changes on earth. (Exception: change from marine to 
land types or tnce versa,) 

• Geolo^ time is divided into eras separated by the great changes 
in life and in the earth’s crust (These chmges are net now 
accepted as abrapt^ as they were previously cemsidered.) 

• Man originated very recently in geologic time according to fossil 
evidence. 

• Were there men alive at the time of the great dinosaurs? 

• Why are there no actual remains of the earliest living things? 
note: Graphite deposits in the earliest strata indicate that prob- 
ably CNily soft-boidied organisms existed then. 

• Why was there so much volcanic activity in the earliest geologic 
eras? 

note: Probably the earth hadn’t cooled greatly then. 

• Why did mountain-building follow the period early volcanic 
activity? 
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NOTE a: Mountain-building may have occurred as the result of 
other earth movements. 

NOTE b: Shrinking probably occurred after the earth’s cooling-off 
period. 

• What advantages were there in life on land compared with that 
in the sea? 

• Why is study of fosrils important a) to science, b) to industry? 

f. Suggest that fossil hunting can be a real adventure. Pcwt up that: 

• Many of the fosril dinosaurs and their ^gs in the American 
Museiun oi Natural History were brought back by Roy Chapman 
Andrews. 

• Some fossils are extremely rare and difficult to find, and difficult 
and expensive to remove and ship. 

• Fosril hunters often travel great distances to find fossils. 

• Fossils are foimd mainly in sedimentary rock. 

• Great care must be taken to remove and preserve fossils. 
note: The Catskill R^<m is probably the closest area which 
might be recommended for fossil hunting in New York. 

For further reading, refer to: 

“Fossils Lift the Veil of Time.” National Geographic Magazine, pp. 

363*385, March 1956; and 

Dcnothy and Joseph Samachson, Good Dig^ng (New Ymk, Rand, 

McNally, 1960), pp. 224. 
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Rocks and Rock-Foiming Minerals 



OUTCOMES Suggested Time Allotment: 9 periods 

• The outermost shell of the earth is its rocky crust. 

• The crust is made up of elements or combinations of elements known 
as minerak. 

• Most minerals can be identified by their physical and chemical 
properties. 

• Atoms or groups of atoms in minerals are usually arranged in orderly 
fashion to form crystals. 

• Most rocks are mixtures of minerals. 

• Rocks can be classified according to their origin and mineral 
content. 

• Rocks and minerals are of great value to man. 



note: Where Thermofax cojners are available, transparencies of geologic 
diagrams and pictures may readily be made using special paper. These trans- 
parencies may then be projected for discussion and analysis, even in broad 
daylight, by means of the overhead projector. In other cases, the Bureau of 
Audio-Visual Instruction, the District or the Borough OflBce should be in 
a position to offer assistance. 

7. WHAT YAIUABU SUBSTANCES CAN BE fOUND 
WITHIN THE EARTH'S CRUSH 

a. Introduce the unit by telling the pupils that west of Mexico the 
United States is drilling a hole beneath the ocean floor more than 
seven miles into the bowels of the earth. Why? 

note: The “Moho Project” aims to penetrate the crust into the 
mantle, taking samples at regular mtervals. Such a hole would yield 
valuable information about the composition and history of the earth. 

b. To see what the earth is believed to look like beneath the surface, 
show the following diagram and have the pupils note: 

1 ) Name and thickness of the layers. 

2) Relative density and possible composition of the layers. 

note: The crust is probably composed of lightweight rocks like 
granite and basalt; the mantle, of heavier rocks and much irrai; 
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both the outer and inner cores consist of iron and nickel, the 
former in a plastic state and the latter in very dense solid 
condition. 




Reproduced by special pennission of the publisher from Modem 
Barth Science, by William L. Ramsey and Raymond E. 
Burkley. Copyright 1961, by H<4t, Rinehart and Winston, Inc. 



c. With the pupils develop the idea that scientists studying the earth 
are called geologists or earth scientists, and that the earth sciences 
include geology, oceanography, meteorology and astronomy. 



d. Display a chart of the eight most abundant elements making up 
about 98% of the earth’s crust showing: 



Element 


Chemical 

Symbol 


Percentage 


By Weight 


Oxygen 


O 


49.5 


46.71 


Silicon 


Si 


25.8 


27.69 


Aluminum 


A1 


7.5 


8.07 


Iron 


Fe 


4.7 


5.05 


Calcium 


Ca 


3.4 


3.65 


Sodium 


Na 


2.6 


2.75 


Potassium 


K 


2.4 


2.58 


Magnesium 


Mg 


1.9 


2.08 
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1) Have the pupik note that oxygen comprises almost 50% of the 
crust. 

2) Have the pupils predict from the chart, compounds that might 
be present on the earth, such as the oxides oi silicon, iron, 
aluminum and calcium. 

3) Have the pupils learn the names of some common compounds 
such as: Silicon dioxide (Si02)» Quartz; Calcium carbonate 
(GaCOs), Calcite; Ferric oxide (Fe20s), Hematite; Calcium 
sulfate (CaS 04 • 2 H 2 O), Gypsum, etc. 

4) Have the pupils become aware that a mineral is a natural sub* 
stance, chiefly of inoiganic origin, having definite phyrical char- 
acteristics and chemical compositicxi. Most important is a char- 
acteristic internal structure. For example, differences which erist 
between diamcmd and graphite are due to the difference in 
internal structure or atomic arrangement 

note: Samples of the above-named items should be displayed. 
If possible, show specimens of minerals used for jewelry in the 
raw and polished forms. Ask students to show rings, etc., that 
contain natural minerals. Gem stones are mineral freaks, i.e.» 
freakish forms oi fairly cmnmon substances. 

e. Have the pupils discuss the reasons for the value of minerals in 
terms of beauty, rarity and utility: 

• Gems: diamonds, rubies, emeralds, sapphires, topaz and amethyst. 

• Rare metals: platinum, gold, and silver. 

• Ores: camotite and other uranium ores, hematite (iron), galena 
(lead), bauxite (aluminum), chalcopyrite (copper). 

note: An ore is a mineral or aggregate of minerals which con- 
fruns at least one metal in such abundance that it can be exeracted 
profitably. 

f. To illusUrate the process by which an element is extracted from its 
ore, demonstrate the reduction of copper oxide (CuO) into metallic 
copper by placing copper oxide and powdered charcoal in a test 
tube and heating strongly. If a delivery tube leading to a bottle of 
limewater is added, the production of carbon dioxide can be shown. 
Write the word and symbol equations on the blackboard: 

Copper Oxide + Carbon -» Copper + Carbon Dioxide 

2CuO + C -» 2Cu + CO 2 
note: If copper oxide is unavailable, lead oxide may be substituted. 
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g. As time permits, have the pupils discuss the following topics: 

1 ) Prospecting for uranium with a Geiger counter. 

2) Mining methods, such as open-pit mining. 

3) The manufacture of iron and steel. 

4) Fireproofing with the mineral, asbestos. 

5) Uses of minerals based upon their special properties. 

h. Encourage the pupils to: 

1) Collect minerals and bring them to class for identification and 
display. 

2) Visit the Museum of Natural History to view its mineral 
collection. 

8. HOW CAN COMMON, ROCK FORMING MINERALS BE IDENTIHED? 

a. Recognition of Hardness: Have the pupils try to scratch a piece of 
quartz with a piece of gypsum. A line will result. Ask which speci- 
men was scratched. Then brush off the powder. Ask again which was 
pulverized. Now have the pupils scratch a piece of gypsum with 
quartz. Which became pulverized? Which is harder? Use the collec- 
tion of minerals which are arranged according to the Mohs* scale of 
hardness. 

note: Hardness is resistance to scratching. 

Demonstrate that hardness can be used for identification by means 
of the following development: 

1) Explain that four common substances can be used for approxi- 
mate determination of hardness on the basis of their known 
hardness: A thumbnail has hardness of 2.5, a copper penny has 
a hardness of 3.0, a piece of glass has a hardness of 5.5-6.0, and 
a steel nail a hardness of 6.5-7.0. 

2) Point out that a substance which scratches another is harder 
than the substance it scratches. 

3) Scratch gypsum and quartz widi the thumbnail to show that 
gypsum has a hardness of less than 2.5 while quartz has a greater 
hardness. 

4) Scratch a glass slide with gypsum and quartz to show that quartz 
has a hardness greater than 6.0. 

5) Scratch one mineral with another to find the harder of the two. 
note: Be sure to rub your thumbnail mark to make certain 
there is a scratch and not a streak of powder. Do NOT teach 
Mohs* scale of hardness. 
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b. Recognition of Fracture and Cleavage: Show pupils what happens 
when you hit a large piece of quartz with a hammer. Bxplain that 
whenever anything breaks in an irregular way like this, the surface 
shows fracture. Now hit a large piece of calcite with a hammer and 
show all the pieces have the same kind of smooth surfaces. Explain 
that whenever anything breaks in this way, it is said to show 
cleavage. Demonstrate how mica can be peeled off in layers. Ask the 
pupils whether this shows fracture or cleavage. Demonstrate frac- 
ture of a specimen of gypsum. Ask the pupils to describe it. This 
shows that the test of fracture may not enable us to distinguish 
between two similar minerals. 

e. Recognition of Color in Minerals: Show pupils ;specimens of biotite 
mica and obsidian. Ask if these are the same mineral. Uncertain' 
and incorrect answers indicate that color alone is not sufficient 
identification. Yet color may help. ,^or examplej clear calcite and 
clear quartz appear similar, but some clear quartz is pink or yellow. 
Point out that these colors are due to impurities. Compare quartz 
with calcite. How can they be distinguished? 

d. Recognitirai of Luster in Minerals: Show the class some strips of 
metal and also some, non-metallic materials. Call attention- to the 
difference in which these items reflect light. Tell the class that this 
characteristic of metak is known as luster. 

Distribute from mineral collections a specimen of clear quartz and 
a specimen of clear gypsum (or distribute a specimen of milky quartz 
and milky gypsum) and elicit from the pupils a comparison of the 
luster of the two specimens. They should notice that the quartz has 
a glassy luster while the gypsum has a waxy luster. Now issue a 
specimen of talc and have the pupils compare its luster with the 
other specimens. Compare its dull luster with that of quartz and 
gypsum. Collect these specimens. 

e. Recognition by the Wet Test: Another means of comparing two 
similar minerals (milky quartz and calcite or marble chips) is by 
means of wetting with dilute hydrochloric acid. Pupils should note 
the effervescence of calcite or marble, while quartz remains unaf- 
fected by the acid. Let a pupil identify the gas given off by the cal- 
cite as carbon dioxide. 

Point out the similarity of the reaction to that obtained by the use 
of marble in the chemistry unit and have the pupils derive the 
chemical equation: 

CaC03+ 2HC1 CaClg + CO2 + HgO 
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f. Recognition by Streak Test: Show the students a streak plate. Tell 
them that it is an unglazed piece of porcelain. Have them under- 
stand an unglazed bathroom tile or the unglazed edge of a broken 
plate is similar in surface to the streak plate. 

Draw a piece of hematite across the face of the streak plate. Tell 
the students that the powdered residue of a mineral which has 
become pulverized as a result of having been forced against some- 
. thjng harder than itself is called a streak. Ask a student to make a 
streak test with muscovite mica, biotite mica, graphite, malachite, 
etc. Pass streak plates out to the class. Give each pair of pupils a 
different metallic ore specimen. Have them write down a description 
of their specimen, and the streak. 

note: Lightly brush the loose powder off with your fingers. 

The streak produced by drawing certain minerals across a streak 
plate is produced by the presence of a metallic impurity. The streak 
'' test, therefore, is not particularly useful in identifying the common, 
rock-forming minerals, but it is very good for identifying metallic 
minerak. 

note: Streak test is most important with dark colored minerals. 

Start a chart of identifying characteristics on the blackboard. 

(See page 16 for a sample chart.) 

g. Recognition of Crystal Form: Exhibit crystals of quartz and garnet. 
Pupils should note that the six-sided prism or pyramid (s) are charac- 
teristic of quartz. These should be compared with a perfect crystal 
of garnet. Point out that the smooth faces are natural and not cut 
by man. Have the pupils understand that a crystal is a geometric 
pattern characteristic of a mineral which has been given the time 
and space to take this form. 

note: Minerals do not normally occur in nature with good crystal 
form due to imperfect lattices and crowding. Good crystals are 
exceptions. 

h. Pupils who would like to “grow” crystals at home might be encour- 
aged to start as follows: Dissolve about one ounce of table salt in a 
half pint of boiling water and pour the solution into a saucer. Place 
a string in the solution and over the edge of the dish. Allow the 
solution to evaporate slowly for a day or two and, with a hand lens, 
note the crystals in the dish and along the string. Repeat udng sugar, 
alum, or borax. 
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IDENTIFYING CHARACTERISTICS OF METALLIC ORES 



Metaluc 

Ore 


Streak 


Other Identifying 
Characteristics 


Uses 


Galena 


essentially 

black 


Cube crystal form. 
When it breaks, 
cube form continues.* 


Source of lead 


Graphite 


black 


Flakes 


“Lead” for pencils 


Sphalerite 


brown 




Ore of zinc 


Malachite 


green 




Copper ore 


Pyrite 

(fooFs gold) 


black 


Cube crystal form. 


Source of 
sulphuric acid 


Chalcopyrite 


greenish 

black 




Source of copper 


Iron Ores 
Hematite 
Magnedte 


reddish brown 
black 




Source of iron 
Source of iron 


Cinnibar 


red to orange 
red 




Source of mercury 


Native metals 
Copper 
. SUver 


copper color 
silver white 







• Introduce the term cleavage -zw2y of breaking. The term will be discussed in 
detail in next lesson. 



9. ami 10. WHAT MINERALS ARE THESE? 

note: This laboratory lesson is designed to provide the pupils with 
practice in identifying some common minerals. It also offers a problem- 
solving experience in planning and devising a scale of hardness as well 
as in keying out an unknown mineral. The teacher should emphasize 
that a mineral is harder than anything it can scratch. 

Since this exercise probably represents the introduction of the use of 
identification keys to most seventh graders, it is suggested that the 
teacher carefully explain the key included in the laboratory instruction 
sheet below. To arrive at the proper identification, the pupils should 
determine all the required properties before deciding on the identity of 
the mineral. Moreover, it is essential that the labeled minerals be col- 
lected before the distribution of the unknown mineral. Lack of time 
woqld doubtless prevent the identification of more than one or two 
unknowns. 

Safety is of prime importance here. Even though the hydrochloric acid 
is dilute, the pupils should be cautioned to use only one drop at a time, 
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and that carefully, making certain to wipe it off with paper toweling 
soon after the observation. It is also advisable that hands and minerals 
be washed in water after completion of the exercise. 

Another aspect of safety in this lesson has to do with the test for 
breaking. Do not permit pupils to hammer or crush specimens imless 
you take precautions to protect their eyes from flying fragments. This 
can be done by covering the specimen with a heavy cloth before it is 
hit a blow and/or by having pupils wear heavy-duty goggles. 
note: This is of value only to test cleavage or lack of it. 

It is of prime importance that the unknown distributed be included in 
the key and that the pupils be asked to key out one unknown at a time. 
In some advanced classes, he pupils may identify three or even more 
unknown minerals by using the key. 

note: The complete Worksheet #16, including tables for student refer- 
ence and completion, continues through page 21. 
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LABORATORY WORKSHEET #16 

(May be duplicated and distributed to the pupils.) 



i . 




Purposes: 

1. To study some physical propenies of minerals 

2. "Jo set up a scale of hardness for some known minerals 

3. To use a key to identify some unknown minerals. 



Materials: 

1. Numbered specimens of feldspar, g>’psum, 
mica, talc, calcite and quartz, etc. 

2. Unglazed porcelain tile 

3. Small vial of dilute hydrochloric acid 



4. Hand lens 

5. Glass slide 

6. Copper penny 

7. Steel nail or file 



Before you start: 

To obtain the value of the hardness 
scale: If scratched by 

Tliumb nail 
Q>pper penny 
Glass 
Steel nail 



of your minerals, make use of the following 
Minerals hardness is 
2-5 
3*0 

5.5- 6.0 

6.5- 70 



Procedure: 

1. Note the number of your first specimen in the first column of the table of 
OBSERVATIONS (see page 19). 

2. Note the color of the specimen. Record this in column i. 

3. Describe its luster or lack of luster, column 2. 

4. Using the hardness scale above, test the mineral and enter hardness in column 3. 

5. With the teacher’s permission, and while he is watching, test the way the speci- 
men breaks Note this in column 4. 

6. If the mineral has a regular crystal form, draw a picture of it in column 5. If 
there is no characteristic forhi, note this. 

7. Try to obtain a streak test. If you succeed, note the results in column 6. If there 
is no result, note this fact. 

8. Uang the technique taught to you in lesson 8, make a wet test and note the 
result in column 7. 

0. On the basis of your observations and the data furnished to you on the ch^ 
of cHARA.CTERisncs OF MINERALS, enter what you believe to be the name of the 
specimen in column 8. If you are correct, put a check in column 9. 

If not, review your results and select a new name for your specimen. CnecK it 
again, until you are correct. 

Swtmiary: . , , 

1. What are five physical properties by which you can identify minerals? 

2. Why is it necessary to have more than one test for a mineral? ^ 

3. Using your textbook, compare your results with those indicated in Mohs’ Scale 

of Hardn^. ... ,. ,, t' 

4. Will the fact that a mineral will scratch glass prove that it is a diamond? Ex- 
plain your answer. 
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TABLE OF OBSERVATIONS OF MINERALS 
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CHARACTERISTICS OF MlNERALSf 
(To be duplicated and distributed to die pupik with Worksheet #i6) 



Name 


Color 


Lvsier 


Hardness 


Way of Breaking 


Crystal 

Form 


^EaAL (}HARACIZRISnCS 

AND Uses 


Quartz 


Varies 


Glassy* 


7 


No cleavaM, Con- 
choidal nacture. 


Hexagonal 


Because of low index of 
refraction— used in mak- 
ing lenses 

Because of hardness and 
colors, used in jewelry. 
Peizoelectric quartz used 
in walkie-talkies. When 
weathered, kaolin forms, 
used in porcelain and 
china. 

Used in Kaopectate. 


Feldspar 


Salmon 

White 

Dark 


Glassy 


6 


Good cleavage in a 
directions. 
Fracture in third 
direction. 




Hornblende 


Black to green 
Black 


Dun 


6 


Fair cleavage. Not 
as good as feld- 
qiar. 






Apadte 


Apple green 


Glassy 


5 


Fracture 






Fluorite 


Green 

Purple 

Tan 


Glassy though 
at tunes crys- 
tals look 
waxy 


4 


ExceUent cleavage 
in 4 directions. 


Qibic 


Base for hydrofluoric 
acid. 


Calcite 


Clear white 
Grey 


Glassy 


3 


Good cleavage in 
3 directions 
(rhtmbic) 




Ebs double refraction— 
used in petrographic mi- 
croscope msis of all 
limestones and marbles. 

_ 



Mica 


Light (muscovite) 
Brown to black 
(biodte) 


Glassy 


2 to tVi 


Excdlent cleavage 
in I direction. 


Hexa^al 

oudine 


Gear variety used as 
dectrical initiators in 
appliancesi etc. 


Gypsum 


Same as calcite 


Waxy 


z 


Good cleavage in 
only I dir^on. 
Not as good as 
mica. 




Source of plaster of 
paris. 

One variety known as 
dabaster. 

Used for bookends, pa- 
perweights, powder box- 
es, etc. 


Talc 




Waxy 


1 


Good cleavage in i 
direction. 

Forms flakes. 




Feels soapy to touch. 
Used to make talcum 
powder. 

One variety known as 
soapstone, used for lab- 
oratory tables; acid-re- 
sistant and alkali-resis- 
tant. 



f Only those mineials which ate plentifully found in crystal fonn are listed. 
* Gla^— tntreous. 
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11. WHY DO WE nw MMBtMS M DOCKS? 

a. To demonstrate that minerals are found in rocks, distribute samples 

of coarse-grained granite, mica schist, and gneiss. Have the pupils 
pcnnt out the minerals uang a dissecting needle or an old dental 
pick.* Help the pupils to identify such minerals as mica, quartz, and 
feldspar. Elicit the following conclusions: | 

• Granite, mica schist and gneiss are rocks and that rocks are made | 
of minerals. 

• Each of the minerals in rocks retains its own identity and can be 
recognized. 

• Most rocks are mixtures of Minerals. Some are moncnninerals, or 
nearly so. Ndther obsidian nor pumice ccmtains minerals. 

(Review definition of mixture Chemistry Unit.) 

* Caution: For this activity, pupils are required to wear safety 
goggle. 

b. Raise the question, “How did the minerals become mixed in i^eous 
rocks?’* to have the pupils understand that, during its enrly history, 

• Ori^nally the earth was in a hot molten state. 

• The earth’s surface then cooled and hardened into a kind of rock 
called igneous rock. 

• Igneous rock probably covered the earth as the first type of rock. 

c. That gYYiilar processes have persisted to the present time may be 
shown by displaying a sample <rf obsidian and having a pupil 
examine it to determine how it was made. Its glass-like appearance ! 
should surest that it cooled from a hot mdten state. Have the 
pupils realize that this condition b met in volcanoes and point out 
that the hot molten material below the earth’s surface is called 
magma while that escaping to the surface is known as lava. 

d. Distinguish between igneous rocks fcxmed from cooled magma and 
lava as follows: 

1) Show samples of granite (a magma) and basalt (a lava) and 
explain that they were formed from cooled magma. Have the 
pupik examine and compare them to observe that the granite is 
coarse-grained whereas the basalt contains fine particles or crys- 
tals which are harder to see. 

note: a hand lens may be used as an aid. 

2) Exhibit pictures of lava flows and such samples of cooled lava as 
pumice and obsidian. Have the pupils note their lack of grains, 
particles or mineral crystak. 
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c. Lead the pupils to realize that the size of the grains or particles is 
determined by the rapidity of cooling: the slower the rate, the 
larger the grains. Since magma cools more slowly than lava which is 
exposed to the air, igneous rocks formed below the surface of- the 
earth have larger particles or grains. Such cooling means minutes, 
hour^ days or weeks. Slow cooling means tens of thousands to hun* 
dreds of thousands of years. 

12. HOW ARE ROCKS FORMED UNDER WAHR? 

a. Recall that in its early history the earth was covered with igneous 
rocks and ask, “What eventually happened to igneous rocks on the 
earth’s surface?” Ask pupils to suggest ways to find the answer to 
this qu^tion. 

b. To find out what happened, display a sample of sandstone and a 
sample of sidewalk concrete and ask how they might have been 
made. Have the pupils examine each to: 

• See that it is a mixture of particles or grains of sand. 

• Understand the need for cement to hold the particles or grains 
of sand. 

note: Pupils should associate the use of cement to hold sand 
and gravel together in making concrete roads and sidewalks. 

c. Determine the kind of cement holding the sandstone tc^ether: 

1) Apply a drop of dilute hydrochloric acid to the rock. If the 
material between the grains bubbles or fizzes, a calcium carbo- 
nate (limy) cement holds the particles together. 

2) If the rock is a shade of brown, yellow or red, the cementing 
material is probably iron oxide. 

3) If the sandstcxie is uncolored, the cement is probably silica or 
quartz if it does not fizz upon the addition of dilute hydrochloric 
acid. 

4) Point out that other cements may be used, even table salt. 

d. To demonstrate how the process occurs in nature, mix sand, pow- 
dered clay and gravel in half a graduate full of water. Allow it to 
settle and point out the layers or stratification. Explain that the 
pebbles settle first because of their great density to form conglom- 
erate; sand follows to form standstone; and clay, least dense and 
finest grained, settles last to ms^e shale. 

c. Show samples of sedimentary rocks sUch'as limestone, sandstone, 
shale and conglomerate. In addition, exhibit pictures of diagrams of 
rock strata to have the pupib realize that: 
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• The samples of rocks were formed under water and are com- 
posed of particles or sediments of different sizes. 

• These rocks are found in layers or strata. 

• Fossils may be found in these rocks. 

• Such rocks are called sedimentary rocks. 

l. Interested pupik may make sedimentary rocks at home in the fol- 

lowing way: . u 

1 ) Take several different kinds of rock (sandstone, hmesloM, bn^ 
etc.) and puWetize them by wrapping a cloth around them and 

hitting them with a hammer. 

2) Half fin a milk carton or container with water and add the fine 
particles of the crushed rock. 

3) Allow the container to stand in a warm place so that the water 
will evaporate. 

4) In about two weeks peel open the container to expose the rock. 

13. HOW CAH HUT AND KBSIIK CHANGE B0CK« 

a. Exhibit a piece of graphite (or c^n) and » 

trial diamonds (or a diamond jewel, prefei^ly unmt). De^ 
how industrial diamonds are made by dissolvmg graphite m a m^ 
and subjecting the combination to gieat heat and pressure. Intro- 
duce the term, “metamorphic’* as change m structure. 

b Develop the idea of metamorphic rocks as foUows: 

■ 1) Show saiqdes of: clay slate, shale and schist; quartzite ^d 
sandstone; marble and limestone; gneiss and gramte; anthraci 

and bituminous coal. , „ i • at,,* 

2) Have the pupiU compare the abtwe p^ of ““ 

’ the first rock m each group was formed from the second. 

3) Have the pupils offer su^estions of h^ th<« cha^ ^ 
about From chemistry they may offer the action of heat, pies 

sure and chemical action. 

4) Derive the definition that metamorphic rock are formed from 
’ Xentary or igneous rocks by action of heat, pressure or 

chemicals. 

5) Have pupfi point out the unique and valuable eharactensucs 
of these rocks. 

c. Have the pupils indicate the advantages and uses of rocks such as: 
• Red sandstone, marble, mica schist in buUdings. 
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• Flagstone for walks and patios. 

• Marble and granite for facades and monuments. 

• Limestone for window sills, etc. 

d. Consider such disadvantages of using natural rocks such as: their 
unavailability in certain areas, the difiSculty of shaping them, and 
their lack of transparency, to have the pupils understand the reasons 
why man had to develop artificial rocks. Have the pupils discuss 
the merits of and the processes for making some artificial rocks: 

• Concrete is made by mixing the correct proportions of cement, 
sand, gravel and water. 

• Bricks are made from impure clay mixed with sand and water, 
pressed into shape and baked in a kiln. 

• Glass is made by heating a mixture of quartz, limestone, soda ash 
and sand in a furnace. 

e. As an assignment, have the pupils identify and note the origin, char- 
acteristics, and use of as many rocks and minerals as they can ob- 
serve in the school, in the neighborhood, and at home. Their ob- 
servations may be recorded in chart form: 



Where Is It? 


Check 

Natural 


One 

Man-Made 


What Is It? 


What Is It Like? 


Example: 

dasroom 


V 




Slate chalkboard 


Dark grey, 
smooth, hard 






- 



























14. ond 15. HOW CAN WE IDENTIFY ROCKS? 

note: This laboratory lesson is designed to build upon previous learn- 
ings and experiences by affording the pUpils anodier opportunity to 
practice using a key and by having them construct keys of their own. 

It is suggested that the teacher explain that there are three sets of 
rocks at each table and that only the igneous rocks are unidentified. 
Samples of basalt, granite and obsidian should be distributed but not 
identified. The job of each group is to identify the igneous rocks with 
the aid of the given key and to make separate keys for the sedimentary 
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and metamorphic rocks, all of v^hich are identified. For e^e of handling 
and identification, all specimens should be labeled with a number. 

Write corresponding name of the rocks you want to identify on the 
chalkboard. Thus, for example, all specimens of basalt will bear the 

same number. i 

It is suggested that the students key out the sedimentary rocte on the j 
basis of size of particles, coldness, hardness, and by bubbling with dilute 
hydrochloric acid. The metamorphic rocks may key out by ob^rvation 
of color, types of minerals, banding, reaction to acid, and hardness. 



laboratory worksheet #17 

(May be duplicated for distributioh to the pupils.) 

Purpose: To use and make keys for the identification of rocks. 

Materuis: 

1. Unlabeled (but numbered) ^cimens igneous rocks. 

2. Labeled specimens of sedimentary rocks: sandstone, shale, and limestone. 

3. Labeled qiecimens of metamorpluc rocks: marUe, gneiss, schist, and date. 

4. Hand and small viak of dflute hydrochloric acid. 

5. Copper penny, steel nail, |^ass slide, and porcelain tile. 

Before you start: 

1. Be sure you have die qiecimens and equipment you need. 

2. Select the box of igneous rocks and open it. Keep the other boxes closed. 

Note riiat eadi’^cimen bears a number. . • 

3. Your first job is to compare eadi ^ecimen with the facts, descnbmg it m the 
fcdlowing key: 



KEY TO SOME COMMON IGNEOUS ROCKS 



Textotb 


Coijor 


Name 


Speomen Number 


0>arse-grained 


light 


Granite 




Coarse-grained 


dark 


Gabbro 




Fine-grained 


light 


Feldte 


^ - - 


Fine-grained 


dark 


Basalt 


... - — . - 


Glasqr* 


light or dark 


Obsidian ({^as^) 




Glassy* 


dark 


Scoria (like furnace cinder) 





*Note: Glassy texture means containing no grains at all. 



Procedure: . . .« • u. 

I Identify the igneous rocks using the above key. The tMture or may ^ 
dSrmmed by feeling the rock with your thumb or by u^g a hand lerw to 
^rve the size of & particles. Write the number on each m««men next to 
what you believe to be the correct description for it. Check with the teacher. 
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2. Close the box of igneous rocks and open the box of sedimentary rocks. Using the headings shown below, prepare your own key 
which will enable you to identify similar specimens you may find. 



SEDIMENTARY ROCKS 



SPEaMEN 

Number 


Name of 
Rock 


Size of 
Particles 


Color 
OF Rock 


Result op 
Acid Test 


Other Special 
Characteristics 














1 

1 

I 


j 

1 

1 _ 1 


1 

































3. Close the box of sedimentary rocks and open the box of metamorphic rocks. Using the headings shown below, prepare your own 
key which will enable you to identify simUar specimens which you may find. 



METAMORPHIC ROCKS 



Speomen 

Number 


1 

Name of 
Rock 


Color 


Mineral 

Components 


Banding 
(Presence 
or Absence) 


Result of 
Aod Test 


Texture 


Other 

Characteri^cs 



































































g 4 * ^ assignment, gather at least six ^cimens of rocks from the neighborhood (this may be done during Lessons 22-23— a 
trip) and identify them, using the following chart to list their characteristics. Number each of your specimens. 



ROCK SPECIMENS COLLECTED BY: (name) 



Specimen 

Number 


Where 

Found 


Color 


Size of 
Particles 


Banding 
( if any) 


Result op 
Aero Test 


Type of 
Rock 


Identified 
AS Name 


































i 

I 
















1 - - . . . 














1 















Sutnmaryi 

i. Are your keys exactly like those of another group? If not, why not? 

1 . Why are there many different kinds of keys? 

3. What difficulties did you have in using or making keys? 

4. Besides identification, what other uses can you see for keys? 

5. Which of the rocks you studied today have you seen in or near New York? 

6. For what purposes were these rocks used? 



Our Changing Earth 



OUTCOMES Suggested Time Allotment: 9 Periods 

• The earth’s surface or crust is continually changing. 

• Forces acting vertically and horizontally are producing such 
changes. 

• Igneous activity, earthquakes, faulting and folding are constructive 
or up-building activities changing the earth’s surface. 

• Weathering and erosion are destructive or wearing-down processes 
modifying the earth’s crust. 

• Among the agents of erosion are rivers, winds, glaciers, oceans. 

• The agents of erosion are also responsible for deposition of the 
materials eroded. 

• Weathering is the sum total of chemical and mechanical processes 

which disintegrate and decay the rocks locally. 

• All these activities affect the economic status and well-being of 
mankind. 



6. HOW IS THE SURFACE OF THE EARTH 

CHANGED BY MAN AND THE FORCES OF NATURE? 

a. Elicit from the pupils a list of illustrations which furnish evidence 
of ways in which man causes changes in the surface features of the 
earth. A starting point for this discussion can be an inspection of a 
display of man-made rocks and pictures of earth-moving equipment. 
There is even the possibility of using nuclear explosions to move 
mountains and to divert the flow of rivers. Include outstanding 
examples of changes man’s engineering ability has achieved. 

b. Raise the question, “Are the changes produced by man always bene- 
ficial?” and have the pupils discuss the cutting down of forests, the 
building of man-inade lakes like Lake Mead, the leveling of 
elevations, and the filling in of marshes and swamps. The pupils 
should be lead to see the need for control of potentially destructive 
changes. 

note: In constructing dams, large areas are often placed under 
water with consequent loss of land and eviction of living things. 
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c. to illustrate the changes wrought by nature upon the earth s sur- 
face, show and discuss pictures, transparencies and diagrams of: 

• Volcanic eruptions 

• Earthquakes 

• Sandstorms ; 

• Floods 1 

• Sea fossils in mountain areas 

• Folded strata 

note: These phenomena are treated in detail in subsequent lessons. 

d. From the discussion, have the pupib conclude; 

• The earth’s surface is constantly changing. ; 

• Some changes are man-made; others are caused by nature. 

• Man can control some of nature’s destructive forms to a limited 
extent. 

• Some forces are wearing down the earth s surface. 

• Other forces are building it up. 

e. Have pupils prepare a list of the natural forces that change the 
earth’s surface. This list will include: volcanoes (vulcamsm); 
earthquakes; changes in temperature; erosiob by water, wind, and 
waves; glaciers; and miscellaneous factors. Discuss instances of these 
forces at work which may have made newspaper headlmes. 

f. Select pupils or rows of pupils to prepare reports, including dates 
and damage, on each of Ae three types of volcanoes: 

1) Mt. Pelee or Krakatoa (explosive type) 

2) Mauna Loa or Kilauea (quiet type) 

3) Mt Shasta or Stromboli (intermediate type) 

17. HOW HAVE VOICANOES AND VUICANISM 
CHANGED THE EARTH'S SURFACE? 

a. Have the selected pupils report briefly on the famous volcanoes as- 
signed (lesson 16), stressing the characteristics of the three volcanic 

types: 

1) Explosive, which emits fragmented materials violently. 

2) Intermediate, which is sometimes quiet and at other times 
violent. 

3) Quiet, which oozes a steady flow of lava. 
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b. As the reports proceed, draw the cross sectional pn^le of each vol- 
cano on the blackboard. Have the pupils analyze the slope of each 
cone along with its activity and emitted material to understand that: 

• The more explosive the volcano, the steeper its slope. 

• The slope depends upon the nature of the ejected material. 

• The greater the proportion of fragmented material, the steeper 
the slope; the greater the amount of liquid lava, the gentler the 
slope. 

c. Develop the mechanism of the formation of a volcano and a dome 

; mountain as follows: 

1) Draw a diagram (see below) of a typical area of volcanic 
i activity. If possible, show photographs to illustrate each land 

; form. If there are outcrops of rock in the vicinity of your school, 

I yc\t may be able to point but the types of igneous intrusions 

i known as sills and dikes during the field trip (lessons 22-23). 

I Show pictures, di^ams or transparencies of: 

I 1 ) a dome mountain such as the Black Hills of South Dakota; 

2) a sill such as a cross section of the Palisades; 

3) a dike like the Giant Dike of New Mexico. 

Have the pupils consider the question of how volc^oes have 
i changefd the earth’s surface such as the rise of the Hawaiian 

i Islands from the sea, the destruction of Pompeii by Mt. Vesuvius, 

! and other similar instances. 






21 Explain the tremendous heat and pressure in the laccolith and 
the presence of an enclosed liquid (magma) svhere the pressure 
is transmitted equally in all directions. 

3) Discuss eruptions as due to the ooang of lava out of weak spots, 
like cracks or fissures, in the earth’s surface. If the pr^sure be- 
comes too great, the plug in the neck of the crater may be blown 

out in a violent explosion. 

4) The magma in the laccolith did not reach the earth’s surfac^ 
probably because no weaknesses leading to the surf^c could 
be found. The rising magma met layers of i^k which it could 
not penetrate and forced the overlying layers into a great 
dome. This formation on the surface of the earth is called a 

dome mountain. 

5) Other magma flows intruded themselves between lajwrs of sedi- 
mentary rock. Explain that this formation on earth is known 

as a sdl. 

6) Another type of intrusion cuts across either sedimentary rock 
layers or metamorphic rock and is called a dike. 

7) Have pupik compare parts of the diagram to understand that: 

• In a dome mountain, the flow of magma is internal and below 
the earth’s surface. This type of flow is referred to as an 
igneous intrusion. 

• In a volcano, the magma becomes lava when it flows ex- 
ternally and is then called an igneous extrusion. 



Consider the question, “Since igneous intrusions oreur 

-V « r 1 Vtuwskj tViPv arttiallv exist? to explain 



that: ... 

• The overlying strata are often worn away exposmg the m^mns 
below, as in the Palisades or the Black HUls, or m New York City 
(exposing many dikes). 

• Hot springs and geysers occur because water is heated by the 
recent, still-warm igneous intrusions below. 

• Demonstrate a model of a geyser as follows: Place » short-^ 
glass funnel inverted in a glass beaker. Add water until the bowl 

' of the funnel is covered. Place the beaker over the Bunsen flame 
and note the bubbles of steam which push the water up the st^ 
as they expand, thereby causing the water to spout out of Ae 
stem like the action of a coffee percolator. The principle of the 
geyser is the same as the action of a coffee percolator, note: 
Poor circulation of convection currents results in geysers. 



e. Calling upon information from the chemistry and physics units, 
have pupils discuss the origin of the vast amount of encigy needed 
for volcanic action: 

• Release of potential energy by chemical reactions of the exother- 
mic type. 

• Nuclear reactions in radioactive materials present beneath the 
earth’s surface provide vast amounts of heat energy. 

• All magma contain gases under high pressure. Volcanic explo- 
sions are caused by pressures built up by these gases. 

f. Assign selected pupib or rows of pupils to report on some famous 
earthquakes: San Francisco, Japan, Bolivia, etc. 

It. HOW HAVE EARTHQUAKES CHANGED THE EARTH'S SURFACE? 

a. Have the selected pupils report on several famous earthquakes to 
understand that they are: 

• Sudden and unpredictable 

• Responsible for great damage 

• The cause of many changes on the earth’s surface. 

b. To determine the principal effects of earthquakes, show pictures, 
diagrams or transparencies of the San Andreas Fault, displacement 
of buildings or fences by earthquakes and cracks or fissures. Have 
the pupils summarize the causes of earthquakes: 

1) When the earth’s surface cracks or slips at weak spots far below 
the surface, sudden movements may occur resulring in earth- 
quakes. This is called faulting and is the principal cause of 
earthquakes. 

2) Violent explosions of volcanoes may shake the earth and cause 
earthquakes. 

3) Tremors or minor quakes may be caused by landslides, cave-ins 
or nuclear explosions. 

c. Raise the question, “Can earthquakes occur at sea and if so, why?” 
Have the pupils resize that: 

• More volcanoes rise from sea floor than from continents. 

• Faulting arid volcanic action occur also on the sea floor. 

• Seaquakes may produce gigantic waves which may travel thou- 
sands of miles at speeds of hundreds of miles per hour and reach 
distant coastal areas. 

• These waves are called “tsunamis.” The origin of the word sug- 
gests the frequency of such sea waves on the isles of Japan. 
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d. Consider the matter of detection and location of earthquakes to 
reduce damage and render assistance to distressed areas. 

1 ) Demonstrate a working model of a seismograph or show a picto- 
gram of a seismograph, such as that below, and have the pupils 
discuss its operation. 



Shaft 

Earth’s surface / . 

Support 




2) Show a real seismogram and explain that the height of the vi- 
brations is an indication of the strength of an earthquake or 
tremor and that the timing of the waves can be used to locate 
the quake. 



19. HOW ARE MOUNTAINS FORMED? 

a. Show a picture, diagram or transparency of the principal earth- 
quake belts of the world to indicate that: 

• Almost 95% of all earthquakes occur in two great belts; the Paci- 
fic and the Equatorial (or Mediterranean) belts. 

• These same belts also include most active volcanoes and young 
mountain ranges. 

• These activities result in constant stress on the earth’s crust in 
the regions of these belts. 

• Because of these stresses, great fault lines or “lines of weakness 
have developed. 
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b. Display pictures, transparencies, block diagiams and cross sections 
with arrows to show direction of movement of such fault mountains 
as: Sierra Nevadas, mountains of the Basin and Range area of 
Utah and Nevada, the Graben of the Rhine Valley flanked by the 
Vosges on one side and the Black Forest block on the other side, or 
the rift valleys of Africa with Lake Tanganyika and Nyassa. Lead 
the pupils to realize that: 

• Vertical forces must have pushed upward from somewhere below 
the earth’s surface, or downward from above. 

• The vertical forces probably were exerted slowly over a long pe- 
riod of time. 

• The result was slow crustal movements along fault lin^ or “linw 
of weakness.” The fault actually occurs in seconds, a few feet at 
a time. This process is repeated. 

• Faults, over long periods of time, lead to the formation of fault 
or block mountains. 

c. To demonstrate how such faulting may have come about, do the 
following: Balance two books close together on the two arms of a 
platform balance. The pages of the book will represent rock layers. 
On one book set a pan of sand to represent a mountain. On the 
other book set a pan of water to represent an ocean. Balance both 
sides. Point out that as the mountain is worn down, sediments are 
carried to the ocean. Represent this by taking a teaspoonful of sand 
from the mountain and dumping it into the ocean. This disturbs 
the balance of the earth’s crust, and eventually may cause a fault. 

d. Ask the pupils to predict what would happen to the rock strata of 
the earth’s crust if the forces were directed horizontally, rather than 
verdcally as in faulting: 

1) Demonstrate how mountains are formM by compression, as 
follows: Cut several strips of foam rubber of various colors, or 
strips of colored paper or flannel cloth about 2 inches wide and 
2 feet long. Superimpose One strip on another to represent sev- 
eral layers of rock. With hands placed at each end, push the 
strips equally toward the middle to form symihetrical folds that 
occur in folded mountains. 

2) Repeat the performance, but this time push only with the right 
hand to produce folds that seem to topple toward the left. 

3) Show pictures, diagrams or transparencies of folded mountains 
such as the Appalachians or the Jura Mountains of Europe. 

e. Draw the diagram of a folded mountain (page 36). 
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Anticline 




Limestone 



Conglomerate 




‘“Woter 



Have the pupik observe that: 

• The anticline are rises in the layers (upfolds in the crust), while 
the synclines are downfolds. (Mnemonic : Have pupiU note shape 
of an ilnticline is like an “A”.) 

• Oil is often found in the porous sandstone in anticlines, tf the 
anticlines are of the open type; i.e., the strata are only shghtly 

folded. 

• The trapped materials are separated in order of their densiti^, 
the heaviest being on bottom, as should be evident from the 

physics unit. 

20. HOW DOIS WATIR CHANGE THE EARTH'S SURFACE? 

note: Prepare two wooden troughs or trays for showing erosion experi- 
ments, each as follows: Construct a wooden or metal trough 2 to 3 
feet long and 3 to 4 inches high and 6 to 8 inches wide. Leave it open 
on top and at one end. Use putty or neoprene on the inside edges to 
make it watertight With tacks fasten a piece of /a inch mesh or fly- 
screen at the open end. At the closed end, place 
soil, gravel, sand, and clay (the coarser matenals on the bottoin). Be 
sure to place an overflow container of some sort, such asa pad or a 
funnel in a glass jug, at the open end to c^tch the overflow md to 
avoid clogging the drain. See the N.Y.S. Earth Science Handbook, 
pages 62-3, or the N.Y.S. General Science Handbook, Part 2, pages 
140-1, for diagrams and details. In using these trays, be careful not to 
permit the dirt in the run off to enter or clog the dram in the labora- 
tory sink. 
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a. Review the building-up forces of nature by showing a picture of 
a complex mountain, such as the Rockies, Alps or Himalayas, and 
explain that it is a complex mountain because it contains elements 
formed by folding, faulting and volcanic action. Point out that 
mountains are continually being worn down by a process called 
erosion. 

b. Demonstrate the impact of water erosion by setting a jar lid or a 
saucer of soil in the center of a large sheet of paper. With a medi- 
cine dropper, release a few drops of water from a height of several 
feet, onto the soil, and notice the amoimt of soil that splashed out 
on the paper. 

c. Have the pupils discuss how raindrops become great rivers: 

1 ) Rain falls on the hillside following the slopes, forming rivulets 
and streams. 

2) These rivulets and streams form larger streams, forming river 
systems. 

3) From the moment that the water started running downhill, it 
carried soil, sand and pebbles along with it 

d. Using the erosion trays, demonstrate erosion, transportation and 
deposition of sediments as follows: 

1 ) Set one tray at a steep slope and run a rubber tube with spray 
nozzle from the water tap to the closed end of the tray to pro- 
vide a rapidly flowing stream in order to show deep valley 
formation and the activity of a yoimg river. 

NOTE: It may be necessary to remove- the spray nozzle to con- 
centrate the stream and to achieve the desired result 

2) Set the other tray at a slight slope and decrease the rate of flow 
of the v/ater to demonstrate the activity of a mature or old 
river: 

• If one or two pebbles or a stick are buried along the course of 
the stream, meanders can be shovm; 

• A dam of clay, deposited across the opra end, will cause a 
delta to develop. 

e. Based upon the foregoing demonstrations and upon pictures, have 
the pupils summarize each stage of the “Life Cycle of Rivers” : 

1) Youth: Rapid flow, of water, narrow V-shaped valley, and much 
erosion of rocks and soil, lakes and few tributaries. 

2) Maturity: Slower flow of water, lesser erosion of soil and deposi- 
tion of flood plains, deltas and alluvial fans, many tributaries. 
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3) Old Age: Deposition of a very broad flood plain, formation of 
natural levees, and a meandering twisting course. 

21. HOW HAVE OTHER ERODING AGENTS 
CHANGED THE SURFACE OF THE EARTH? 

note: In this and the following lessons, place particular stress on the 
evidences of these changes which may be seen in the New York City 
area. Encourage your pupils to visit locations other than those in the 
neighborhood of your school, for example: undeveloped beach areas, 
the Bronx River Valley, north of the Botanical Garden (for many evi- 
dences of glaciation), and the area along the West bank of the Hudson 
below the Palisades. 

a. To evoke understanding of the erosion and deposition effects of 

waves'. 

• Show pictures or diagrams of wave-cut cliffs, terraces, banks, 
caves, stacks, and chimneys as examples of the erosion effects. 

• Show diagrams and pictures of Sandy Hook, Coney Island and 
Long Beach to demonstrate the effects of longshore currents. 
note: Longshore currents move at an angle or parallel to the 
shoreline and deposit loose materials into coves and bays, Spe- 
cially across the mouths of bays as at the Rwkaways. 

• Have the pupils discuss the effects of wave erosion on shorelines 
during a storm, often resulting in the aeation of disaster areas. 

b. Clarify erosion and deposition effects of glaciers by: 

• Showing pictures or diagrams of gladated valleys, mountain 
passes, glacial deposits, and moraines. 

• Discussing the plucking action of glaciers, which removes soil and 
rock and which become eroding agents. 

• Comparing the U-shaped glacial valley with the V-shaped one 
of a young river. 

• Explaining that glaciers move slowly because of their solid and 
semi-solid state. 

c. Demonstrate the action of the wind as an eroding and depositing 

agent by: 

• Showing pictures of sandstorms, sand dunes, and desert areas 

• Discussing how wind carries away topsoil which is blown against 
rock, wearing it down 
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• Pointing out that sand may be deposited as dunes which have a 
gentle slope. 

d. Point out to the pupils that eroding agents change the surface of the 
earth not only by destructive activity, but also by constructive build- 
ing of new land forms such as deltas and moraines which are made 
from the products of destruction. Distribute copies of the following 
chart: 



GEOGRAPHIC FEATURES RESULTING 
FROM EROSION AND DEPOSITION 



Agent 


Evn«NCEs OF Eroding Work 
(Destructive) 


Evidences of DEPOsmoNAL Work 
(C oNSTRVCnVE) 


Rivers 


Gullies 

V-shaped, narrow canyons like 
Ausable Canyon and Colorado 
(young rivers). 

V-shaped, wide valleys 
as exemplified by the lower 
Mississippi. 

(late maturity or beriming old 
age) 


Flood plains 
Deltas 

Alluvial fans and cones 


Waves 


Cliffs 
Sea Craves 
Wave-cut terraces 
Chimneys or stacks 


Wave-built terraces 
Barrier beaches 
Spits 
Hooks 

Baymouth bars 


Glaciers 


U-shaped valleys 
Matterhoms 
Hanging valleys 
Rock basins 
Cirques 

Rocne moutonee (many in New 
York City area) 


Moraines (unstradfied angular- 
unassoned materials) 

Glacio-fluvial deposits 

(water from melting ice starts to 

sort out and stratify the materials) 


Winds 


Sand-blasting action of exposed 
inland regions and along sea- 
shores 


Sand dunu 



Suggest that pupils find illustrations of these evidences and/or take 
photographs of places they may visit (or have visited). These photo- 
graphs and illustrations, with proper captions, should be mounted 
in the pupils* notebooks. 
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e. Demonstrate weathering action by: 

1 ) Heating a glass rod and plunging it quickly into cold water to 
show the effect of temperature changes on substance such as 
rock. 

2) Pointing out that roots of plants, freezing and expansion of witer, 
and chemical action, as in rusting, will widen cracks and break 
rocks. This process is called mechanical weathering. 

3) Explaining that chemically weathered rock is the parent of soils. 

4) Comparing weathering with erosion to show that erosion in- 
volves a moving agent plus tools and produces transported 
mantle rock, not soils. 

f. Instruct pupils as to preparations they are to make for field trip. 
It is suggested that the trip be introduced by showing all or se- 
lected frames of the Board of Education filmstrip called ‘^Geology 
of New York,” obtainable without charge from the Bureau of 
Audio-Visual Instruction. An excellent guide and script accompany 
the film. 

22.ond23. WHAT CHANGES IN THE EARTirS SURFAa HAVE 

TAKEN PUCE OR ARE TAKING PUa NEAR OUR SCHOOL? 

note: Probably an excellent way to culminate the section on crustal 
changes of the Earth Science Unit is to have the pupik go on a field 
trip to observe some of the phenomena discussed. Among the observa- 
tions possible are the viewing of evidences of weathering and erosion, 
as well as seeing specimens of rocks and rock formations. The work 
of man as an agent of modifying the Earth’s surface. 

Also of great value is the Board of Education curriculum resource 
bulletin entitled. Operation New York, which includes a wealth of 
suggestions in connection with this type of activity. 
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UMNUTORY WORKSHEET #1t 

(May be duplicated for distribution to the pupils.) 

Purpose: To study the geologic changes taking place in and around our school. 

Procedure: 

I IjQcatf any natural stones oc rocks in or near the sch<»l. • i uu 

• Lwk MARBLE near the door or staircase, or m the school lobby. 

• GRANITE is usually grey, gelded and granular in appearance. Large grams 

indicate slow cooling; small grains rapid cooling. , . ^ . 

• LIMESTONE is often grey, often cemendike in appearance. It is often used 

as window sills, breaks easily and may contain fos^ 

2. Eitaminc your school yard for evidences of wcaAering: 

• Rust on the concrete below the school gate. How did the stains get 

diere? 

• Cracks and fissures in the pavement. What caused them? ^, . . . 

. Uneven surface of the yard. How does it do~ ^d why? Of what is the 
surface made? Is concrete more durable than asphalt? 

• Repmrs and patches. Why were diese made? 

• and golUes below a water pipe. How were they caused? 

2. Look between the sidewalk and the curb for “islands of soa.” What do they 
tell you? How did diqr get there? 

4. Observe other areas ne» your school to identify geologic features and to note 
dianges diat are occurrii^ such as: 

• an area of bare soil. Are diere any gulhe^ 

• die gntur. Why is it higher in the middle? 

• the curbstones. Why b granite often used here? 

• excavations. IVhat kind of bedrock is piesend 

• ontcroppings. Do you sec any markidgs caused by glacial action? 

• hiUs and plains. What ate the evidences of erodwi? 

• vacant lots. , . . r j 

• mud and swl to show raindrqi erosion. Often these may be found 

on die sides of bmldi^is. ' 

• beach areas. How b die wd hdd in place? Show how the vanaoons m color 
of yand are doe to variarions in mineral content 

SlS^Skf^gSl^ccoUect^ 

b. a coUecdon of wShered matetiab for comparison with non-weathered types. 



Location 


Observation 


Explanation (cause and/ok effect) 





















note: This lesson has been placed after the field trip to provide an 
opportunity to follow up the experience and to make sure that s(»ne 
of its outcomes have been achieved. 

a. B^iin with a ten-minute period during which the pupils should be 
allowed and encouraged to ask questions omceming things they saw 
on the trip. If possible, pupils should volunteer to answer other 
pupils* questions. If they cannot, the teacher should (<nr he should 
indicate a way to find die answer) . 

b. The teacher should then take his turn at asking questions, such as: 

• What evidences did you see o( erosion caused by . . .? 

• What evidences did you see of weathering caused by . . .? 

c. Since it probably will be impossible to find a complete assortment 
ol evidences in the neighborhood of a particular schocd, it may be 
necessary to supplement the experience of the field trip with Ulus- 
trations of various types. Here are some suggesti<ms: 

• Results of chemical action: 

1) Have pupUs compare staim of rocks with rusty nail and bath- 
tub or sink whidh shows stains where the water drips. 

2) Show mica schist that has become crumbly because the irem 
in it has beemne oxidized. 

3) Show pictures of limestime caverns or weathered marble tomb- 
stones and demonstrate how add reacts with these rocks. 

4) Show the effect of ground water upon deposits of rock salt. 

• Results mechanical action: 

1) Show examples of exfoliaticm — this is common in sidewalks. 

2) Show pictures Yosemite Royal Arches and Half Dmnes as 
scale examples of exfoliation. 

3) Show pictures of rock falls at Niagara Falls which are due in 
part to the wedge-work ctf ice. City streets in winter often 
show the effects of water which has seeped under the roadbed 
and frozen. 

4) Point out where pavements have been brdten by the growth 
of trees. 

5) Show pictures the talus dq>osits at the base of the Pal- 
isades. Gall attentimi to the rigns one sees along the highways 
warning of fallen rock zemes. 

6) If there has been a recent rainfall, call attention to the 
damage that rain amtributes to the earth’s crust. 
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d. Up to this point, the attention of the class has been focused cluefly 
upon the effects of weathering and erorion upon the earth’s sur- 
face. It is also important to draw attention to the effects of these 
forces upon the works of man, especially those things involving vast 
capital outlay or public safety (sometimes both are combined). 
Stimulate the pupils to recall instances in which buildings have 
collapsed because of washed-out foundations; in which roads have 
become hazardous; in which farm land has become a dust bowl; 
in which floods have been caused; and minor instances which have 
caused trouble to householders. Once you start the discussion, it 
should be possible for the pupils to contribute many anecdotes. 

e. Another point of view which has been neglected should be discussed 
at this time. The focus has been upon geomoiphology. This unit 
should not be conduded without menticHiing the side effect^ such 
as: the problem water pollution, the problem of air polludon, 
the loss (rf crops, the danger to lives, and the effect upon wild life. 

f. Finally, it will be well to conclude the unit with some constructive 
ideas on how to conserve resources of soil, water, and property. It 
is recommended that the teacher refer to three books published by 
the United States Department of Agnculture — The 1955 Yearbook — 
WXTER, The 1957 Yearbook— SOIL, and The 1958 Yearbook — 
LAND. Each these cemtains many ideas on conservation which 
should be brought to the attention of the pupils, especially those 
who may wish to read further on this subject. 



SUGGESTED REVIEW QUESTIONS 

The questions that follow are not intended as a diagnostic tool or compre- 
hensive measure of the outcomes of the unit. They may serve the teacher 
fmr review purposes, as a source of questions for a unit examination, or in 
any way deemed desirable. 

Directions (1-20) : Choose the letter of the term which best c<nnpletes the 
statement. 

1. The scientist who studies the earth history is known as 

a. mineralo^t d. seismologist 

b. astronomer e. petrologist 

c. palecMitologist 



2. The **Moho Project** aims to penetrate into 

a. the earth’s atmosphere d. a glacier 

b. the deepest ocean e. the earth’s cchtc 

c. the earth’s mantle 



3. Cleavage means that a mineral 

a. breaks imevenly 

b. breaks with flat, 
smooth surfaces 



c. shatters 

d. breaks with curved surfaces 

e. leaves a streak on porcelain 



4. Conglomerate is formed of cemented beds 

a. silt d. volcanic ash 

b. sand e. lime 

e. gravel 

5. Granite is composed of the minerals quartz, feldspar and usually 

a. calcite d. gypsum 

b. mica e. apatite 

c. talc 

6. The principal cause of earthquakes is 

a. folding d. oozing volcanoes 

b. faulting e. tidal waves 

c. landslides 



7. Evidence that New York State at one time had an arid climate is based 
on the existence of 

a. limestone d. glacial till 

b. shale e. erratics 

c. salt deposits 



8. The igneous intrusion that causes the overlying rock strata to form a 



dome is called a 
a. cone 
d. dike 
c. laccolith 



d. siU 

e. spine 



9. 



Oil deposits are most commcwily found 

a. synclines 

b. monoclines 

c. anticlines 



d. faults 

e. rifts 



10. A ‘U” shaped valley was fewmed by 

a. rivers 

b. winds 

c. glaciers 



d. waves 
c. gravity 



11. An old river is usually identified by its 

a. “V” shaped valley d- many tributaries 

b. rapids 

c. meanden 



12. A sand dime has a gentle slope on 

a. its leeward nde 

b. all sides 

c. its windward ade 



d. its crest 

e. its southern side 



13. The cracking of rocks by freezing water is called 

erosion sedimentation 



a. 

b. weathering 

c. corrouon 



e. depositiim 



14. The earth’s history can best be studied from the 

a. age of a river c. radiative decay 

b. stage <rf mountain *alt in the oceans 

development *• carbon 14 



15. 



Igneous intrusions 

a. younger 

b. older 

c. the same age 



compared to the rocks which they have intruded are 

d. not related in age 

e. none of the above 



16. Fossils found in rocks of only one age are called 

a. casts concretions 

b. index fossiU e. inclusions 

c. imprints 
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17. The opening at the top of a volcano is called a 
a neck 

b. crater blowhole 

c. pothole 

18. The most abundant element in the earth’s crust is 
a. nitrogen 



b. silictm 



e. 



helium 



c. oxygen 



19 The ore from which lead is extracted is 

a. <»• 

b. bauxite PitthWende 

c. galena 



20. A person’s thumbnail can scratch 

a. quartz 

b. gypsum ®* fl^***** 

c. a copper penny 

Directions (21-25) : Choose the word or expression from the ^oup that 
includes or is most closely related to all the others m the group. 



(Example: Earth, Mars, Planet, Saturn) 

21. cleavage, fracture, cr^’stal, shape, physical property, streak. 

22. frost action, exfoliation, oxidation, weathering, solution. 

23. delta, dune, deposit, drift, drumlin. 

24. cast, mold, fossil, impression, petrified wood. 

25. river, valley, pothold, meander, levee. 

Directions (26-35) : Give the word or expression that best completes the 
statement 



26. Lines that connect places hav- 
ing the same elevation arc called 

27. Fossils are found usually in 

28. Wind erosion is most effective 
in those regions where the 
climate is 



29. The chief mineral in limestone 
is known as 

30. Waterfalls are characteristic of 
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31. Magma that cools very slowly 
is likely to form 

32. Slate is usually metamorphosed 
from 

33. The sum total of all the proc- 
esses by which rocks are chem- 
ically and mechanically broken 
up into smaller pieces is called 

34. A crack in the earth’s crust 
along v.'hich there has been a 
movement of the rock is called 
a(n) 

35. Erratics are deposits left by 
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